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PREFACE

This report represents the information collected during a preliminary assessment of the Tucson
and Nogales 1° by 2° quadrangles that took place from March through June 1988. The study
resulted in an administrative report that outlined the information available for the region at that time
for geology, geochemistry, geophysics, and mineral deposits and presented our preliminary ideas
concerning the potential for the discovery of new deposits. In addition, recommendations were
made to guide program planners in specific topics that need to be addressed such that the
preliminary administrative document can be refined and expanded upon to provide a detailed
assessment of the area should such a study be desired. This report makes available to the public
the scientific information provided in that preliminary administrative document and in no way

should be looked upon as a completed assessment of the Tucson and Nogales 1° by 2°
quadrangles. It should be used to determine the extent of published studies within the area and as a
preliminary indication of the types of deposits, and possible locations of those deposits, that may
be present in the area but are as yet undiscovered.

For ease of assembly of this report, accompanying figures and tables are placed at the end of
each section in front of the references. Hopefully this will not be too unwieldy for the user.



INTRODUCTION

The Tucson and Nogales 1° by 2° quadrangles in south-central Arizona have made important
economic contributions to a mineral-rich state. The area's 1985 mineral production represented 77
percent of molybdenum, 42 percent of boron, 29 percent of zinc, 27 percent of silver, 22 percent
of copper, and 10 percent of gold production in Arizona; most of this came from porphyry copper
systems. However, the known and possible deposit types within the study area include 22 metallic
and 9 nonmetallic types.

This report is an mvcntory of avaxlablc data and literature pertinent to a resource assessment of
the Tucson and Nogales 1° by 2° quadrangles. It does not address the part of the Nogales
quadrangle in Mexico. The study area lies entirely within the Basin and Range physiographic
province. Figure 1 shows the locations and names of the mountain ranges and valleys discussed
herein. In this report, preliminary tracts were delineated as being permissive for porphyry copper,
skarn and replacement, epithermal precious-metal, polymetallic vein, and flat-fault gold deposit
types.

Topographic Coverage

The entire study area is covered by 15-minute or 7 1/2-minute topographic quadrangles, and
about 80 percent of the study area is covered by both. Figure 2 shows an index to topographic
maps available for the study area.

Indian Lands

All or parts of four Indian reservations are within the study area. These include parts of the
Tohono O'Odham (formerly Papago), San Carlos, and Maricopa (Ak Chin) Reservations and all of
the San Xavier Reservation. The Tohono O'Odham Reservation covers a substantial part of the
west side of the study area. In 1978-81 the U.S. Geological Survey (USGS) conducted a
comprehensive assessment of the mineral resource potential of the Tohono O'Odham Reservation,
which was presented to the tribe in an administrative report through the U. S. Bureau of Indian
Affairs. The tribe subsequently asked the USGS to honor the proprietary nature of this data
particularly the geochemical data, during an assessment of the Ajo and Lukeville 1° by 2°
quadrangles directly west of the study area, where there are also large tracts of land under Tohono
0O'Odham administration. These data remain proprietary and will not become available for public
use in the forseeable future. Until these data do become available, geochemical information about
that part of the study area will be lacking. A similar assessment is underway for the San Carlos
Reservation, a small part of which projects into the northeast corer of the study area. Data
collected for this study are also proprietary. No similar studies have yet been made on the
Maricopa or San Xavier Reservations, in the northwest comer of the study area and south of
Tucson, respectively, and it is not known if USGS studies would be allowed in these areas.
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GEOLOGY
By Jocelyn A. Peterson, Joel R. Bergquist, Stephen J. Reynolds, and
Susan S. Page-Nedell

Data coverage and map compilation

Many 7 1/2- and 15-minute quadrangles within the Tucson and Nogales 1° by 2° quadrangles
have been mapped at scales greater than or equal to 1:62,500 by the USGS (table 1), and students
have produced thesis maps of local areas at a variety of scales (table 2). In addition, the tectonic
map of southeastern Arizona (Drewes, 1980) includes about one-third of the study area at a scale
of 1:125,000. Those areas not covered by large-scale mapping were compiled on a new Arizona
state geologic map (Reynolds, 1988).

The geology of much of the study area is relatively well known because the area has undergone
extensive exploration for several major types of mineral deposits, most notably for porphyry
copper deposits associated with Laramide (Late Cretaceous and early Tertiary) plutons and for
numerous skarn and replacement deposits in Paleozoic calcareous sedimentary rocks. In addition,
because the region is geologically complex and interesting, the USGS and the University of
Arizona in Tucson, have produced many maps and reports for this area that date back nearly 100
years. Thesis studies within the area date from the 1920's and cover topics such as stratigraphic
and structural characteristics, aspects of mineral deposits, groundwater, and more recently,
metamorphic core complexes and detachment faults. Geologic aspects of the study area that are not
yet well known are the detailed Quaternary geology of the basins and the location of the structural
boundaries between these basins and the mountain ranges. Because geologic studies in the region
are ongoing, the geologic understanding of the region will continue to evolve.

The accompanying geologic map (pl. 1) was compiled from several sources. The Tucson 1° by
2° quadrangle has been compiled by Reynolds and others (in press) of the USGS and the Arizona
Geological Survey and is currently being prepared for publication. Because a similar compilation
does not exist for the Nogales 1° by 2° quadrangle, its geology was compiled from existing
quadrangle maps, the tectonic map of southeastern Arizona (Drewes, 1980), and the new Arizona
state map (Reynolds, 1988). Because new age data have become available since some of the
quadrangle maps were published, the ages of rock units are those shown on the new state map. To
provide continuity at the common boundary and to aid in interpreting the geology and making
mineral assessments, the Nogales compilation largely follows the unit designations used for the
Tucson compilation. It was necessary, however, to add four new unit designations to the Nogales
quadrangle, and because we could not distinguish the various basin-fill units as designated on the
Tucson quadrangle, all basin-fill sediments were combined into a single unit.

Geologic Summary

This geologic summary is largely a modification of the text provided with the compiled Tucson
quadrangle (Reynolds and others, in press), augmented by information relating the geologic units
to mineral deposits in the region. Generalization was necessary to show regional geology at the
1:250,000 map scale, which is suitable for a preliminary resource assessment.

The study area has a complex geologic history that began prior to 1.7 Ga. The oldest exposed
rocks in the quadrangle are lower Proterozoic metasedimentary and metavolcanic rocks that
accumulated in an ocean basin along the southern margin of what was then the edge of the North
American craton (Silver, 1978). The protoliths were metamorphosed to greenschist- and lower
amphibolite-grade rocks in Early Proterozoic time and are now referred to as the Pinal Schist. The
Pinal Schist crops out in many of the major mountain ranges of the study area, usually associated



with more extensive Proterozoic granitic rocks. The schist is generally considered unfavorable for
hosting mineral deposits, although small base-metal and gold-silver-quartz veins are present
locally. These veins are termed gash or reef veins in the Ajo 1° by 2° quadrangle to the west
(Peterson and other, 1987) and are believed to have formed during metamorphism. They are of
little economic significance.

The Pinal Schist was twice intruded by granitic rocks, at 1.65 and 1.45-1.40 Ga. The older
plutons are composed of granodiorite, granite, and quartz diorite that are undeformed to foliated.
Except for extensive exposures in the northeast corner of the study area in the Pinaleno and Santa
Teresa Mountains, these plutons are limited to relatively small exposures. Much more extensive
are the younger granitic rocks that are commonly correlated with the Oracle Granite of Peterson
(1938), one of the major batholiths of this age. These younger plutons are readily identified by
their distinctive potassium-feldspar megacrysts and medium- to coarse-grained texture.
Compositionally they are mostly granite and granodiorite and commonly contain pegmatite,
alaskite, and aplite dikes. The pegmatites are usually small and simple but some have been
prospected for quartz, feldspar, and mica. The complex zoned pegmatites that contain rare
elements, which are found farther north in Arizona, have not been seen in these plutons. These
plutons are also suitable host rocks for porphyry copper mineralization when appropriate rocks
have intruded them, as at the Vekol Hills deposit, about 9 km west of the quadrangle, and at San
Manuel.

After intrusion of the younger granitic rocks and accompanying regional uplift, they were 200
to 300 million years of widespread erosion to a low-relief landscape. Thus, around 1.2 Ga the
sedimentary rocks of the Apache Group were deposited in the region. Toward the end of
deposition of the Apache Group around 1.1 Ga, large diabase sills and dikes intruded this
sequence and the underlying basement rocks. Although Apache Group rocks probably were
present in much of the northern part of the study area, only scattered remnants remain. These crop
out mostly along flanks of the mountain ranges in the Tucson quadrangle; they are apparently
absent in the Nogales quadrangle. Rocks of the Apache Group are nearly undeformed, commonly
distinctive sedimentary units, which include quartzite, siltstone, mudstone, limestone, and
conglomerate. Apache Group rocks and associated diabase are mineralized at the Lakeshore
deposit; and farther north in Gila County they host asbestos and uranium deposits that have been
mined. The uranium mineralization was of diagenetic origin and was further concentrated during
intrusion of the diabase (Nutt, 1982).

Following deposition of the Apache Group, there was no further sedimentation for S00 million
years until Cambrian time. Paleozoic rocks in the region are 1- to 2-km thick and represent
siliciclastic and carbonate rocks of cratonic origin deposited concordantly on the Apache Group.
They are Cambrian and Late Devonian through Permian age (Pierce, 1976). The Paleozoic
sequence is characterized by numerous beds of limestone, dolomite, quartzite, sandstone, shale,
and conglomerate, some of which have undergone low-grade metamorphism. Minor tectonism
during Late Pennsylvanian and Early Permian time caused a local influx of clastic rocks and
formed the Pedregosa basin east of the study area. Paleozoic strata are common in mountain
ranges of the east half of the study area but are of very restricted extent in the west half because of
erosion following Mesozoic and Cenozoic tectonism and uplift. The Paleozoic strata in the Tucson
and Nogales quadrangles are very important as known and potential host rocks for numerous types
of ore deposits including porphyry copper-related deposits, several kinds of skarns, and
replacement deposits, which can include resources of base and precious metals, tungsten, and
manganese. Such mineralization occurs mostly in the reactive calcareous strata rather than in
siliciclastic rocks.

During the Mesozoic, the previously stable craton became a region of magmatism,
deformation, and metamorphism (Reynolds and others, 1988). The oldest Mesozoic units are
Early and Middle Jurassic sedimentary and volcanic rocks exposed primarily in the western and
southern parts of the study area. The widely varied stratigraphy of these rocks throughout the
region probably reflects complex lateral facies patterns developed in a tectonically active
depositional area. Jurassic granitic rocks have intruded these rocks but are absent elsewhere. In
Late Jurassic and Early Cretaceous time, magmatism decreased markedly and the region underwent
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local block faulting and widespread deposition of nonmarine clastic rocks, primarily of the Bisbee
Group, which is most prevalent in the southern two-thirds of the study area. In the Late
Cretaceous, a marine transgression from the area of the present Gulf of Mexico and another from
the northeast invaded the southeastern and northeastern parts of the study area, depositing marine
clastic rocks such as the Pinkard Formation found in the area of the northeastern transgression.
Pre-Laramide Mesozoic rocks are generally not mineralized, although minor veins and pegmatites
are found in some plutons, and Jurassic intrusons at Bisbee, east of the study area, are associated
with a porphyry copper deposit. Some deposits in the Patagonia Mountains are hosted by
Laramide volcanic rocks. Mesozoic sedimentary rocks host minor skarn and replacement deposits
and some veins.

In Laramide time (late Cretaceous through Paleocene) the region was tectonically active
(Drewes, 1981; Haxel and others, 1984; Keith and Wilt, 1986). Extensive volcanism, plutonism,
compressional deformation, and deep-level metamorphism occurred. Volcanism between 75 and
65 Ma formed large andesitic stratovolcanoes and collapse calderas resulting from the eruption of
rhyolitic ash. Unusual breccias such as the Tucson Mountains chaos accumulated within the
calderas. These breccias contain andesitic megabreccia blocks in a rhyolitic tuff matrix (Lipman
and Sawyer, 1985). The extensive volcanism was accompanied by intermediate-composition
(generally granodioritic) intrusions and their associated porphyry copper deposits (Titley, 1982).
These plutons were also the sources for ore fluids that formed skarn and replacement deposits in
the calcareous Paleozoic strata and they are permissive rocks for low-fluorine porphyry
molybdenum deposits, although none have been found in the study area. Younger peraluminous
granites of crustal derivation that commonly contain muscovite and gamet were emplaced between
50 and 60 Ma in association with regional metamorphism (Haxel and others, 1984). They are
extensive in the Santa Catalina, Rincon, and Baboquivari Mountains and are present locally
elsewhere. These granites are not as likely to be mineralized as are the granodioritic intrusions and
generally are not considered favorable for lithophile-element mineralization (Coney and Reynolds,
1980). Cretaceous and older rock units were repeated along both brittle and ductile thrust faults
(Drewes, 1981); locally, metamorphism was accompanied by ductile attenuation of complete
stratigraphic sequences, such that contacts between originally adjacent units are overprinted by an
intense ductile fabric not necessarily representing thrust faults or other discrete shear zones.

The Eocene was a time of erosion, which was followed by renewed tectonism in the Oligocene
that continued into the middle Miocene. Rhyolitic ash-flow tuffs and rhyolitic to basaltic flows
covered much of the region (Shafiqullah and others, 1980) while granodioritic to granitic
intrusions were emplaced at depth. Crustal extension at this time formed detachment faults, gently
dipping, normal-displacement shear zones of regional extent that penetrated into the middle of the
crust (Rehrig and Reynolds, 1980; Davis, G.H., 1983; Reynolds and others, 1988).
Displacement along these shear zones formed mylonitic rocks that have been uplifted and are
exposed in the Santa Catalina, Rincon, Tortolita, and Picacho Mountains. Upper-plate rocks along
these zones formed tilted fault blocks, which are associated with syntectonic sedimentary units
such as large megabreccia landslide blocks that were deposited in some half grabens. Similar
tectonic settings in western Arizona and southeastern California are being examined for flat-fault-
related gold that may be genetically tied to the tectonism. Such gold deposits have not been found
in the study area, but some detachment-related Cu-Ag and Cu-U mineral deposits are locally
present (Welty and others, 1985). The volcanic rocks from this period are present in nearly every
mountain range and comprise a substantial part of the Galiuro and Winchester Mountains in the
northeastern part of the study area. Rocks of this age contain various types of hydrothermal vein
deposits. The associated intrusions are more restricted and crop out mainly in the Santa Catalina,
Tortolita, and Picacho Mountains.

A younger episode of block faulting in the late Miocene formed basin-range structures.
Subsequently, some of the larger grabens received as much as 3 km of nonmarine clastic sediments
and evaporite deposits (Eberly and Stanley, 1978; Scarborough and Pierce, 1978). Pedimentation
of the ranges was followed by deposition of a thin sequence of Pliocene and younger gravels.
Basin-fill deposits in the topographically higher valleys in the east half of the study area were
deeply incised and covered by multiple generations of Pleistocene and Holocene alluvial-fan and
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river-terrace gravels. The lower valleys on the west side of the study area are not incised and are
covered by early Pleistocene to Holocene alluvium. Except for possible diatomite, zeolite, and
evaporite deposits containing halite, gypsum, or anhydrite deep within the basin-fill sediments and
for placer gold deposits at and close to the surface, these rocks are not likely to be mineralized.
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Table 1.--Published maps by the U.S. Geological Survey that cover parts of the
Tucson and Nogales 10 by 20 quadrangles. See selected references for complete

citation

Quadrangle Scale Author and date of publication
Arivaca 1:63,360 Keith and Theodore, 1975
Baboquivari Peak 1:62,500 Haxel and others, 1980
Bellota Ranch 1:62,500 Creasey and Theodore, 1975
Benson 1:62,500 Creasey, 1967b

Black Mountain 1:24,000 Krieger, 1974a

Blue Jay Peak 1:24,000 Bergquist, 1979
Brandenburg Mountain 1:24,000 Krieger, 1968a

Casa Grande Mountains 1:24,000 Bergquist and Blacet, 1978
Cocoraque Butte 1:62,500 Keith, 1976

Comobabi 1:62,500 Haxel and others, 1978
Crozier Peak 1:24,000 Krieger, 1974b

Dragoon 1:31,680 Cooper and Silver, 1964
Eloy 1:62,500 Bergquist and others, 1978a
Empire Mountains 1:48,000 Finnell, 1971

Happy Valley 1:48,000 Drewes, 1974

Hereford (part) 1:48,000 Hayes and Landis, 1964
Holy Joe Peak 1:24,000 Krieger, 1968b

Jackson Mountain 1:62,500 Blacet and Miller, 1978
Klondyke 1:62,500 Simons, 1964

Lochiel 1:48,000 Simons, 1974

Lookout Mountain 1:24,000 Krieger, 1968c

Mammoth 1:62,500 Creasey, 1967a

Mount Lemmon 1:62,500 Banks, 1976

Mount Wrightson 1:48,000 Drewes, 1971a

Ninetysix Hills NE 1:62,500 Yeend and others, 1977
Ninetysix Hills NW 1:62,500 Yeend and others, 1977
Ninetysix Hills SE 1:62,500 Yeend and others, 1977
Ninetysix Hills SW 1:62,500 Yeend and others, 1977
Nogales 1:48,000 Simons, 1974

Palo Alto Ranch (part) 1:24,000 Drewes and Cooper, 1973
Presumido Peak 1:62,500 Haxel and others, 1982
Putman Wash 1:24,000 Krieger, 1974c

Rincon Valley 1:48,000 Drewes, 1977

Saddle Mountain 1:24,000 Krieger, 1968d

Sahuarita 1:48,000 Drewes, 1971b

San Vicente 1:62,500 Keith, 1976

Santa Rosa Mountains 1:62,500 Bergquist and others, 1978b
Sells 1:62,500 May and Haxel, 1980
Silver Reef Mountains 1:62,500 Blacet and others, 1978
Tortolita Mountains 1:62,500 Banks and others, 1977
Twin Buttes 1:48,000 Cooper, 1973

Vaca Hills 1:62,500 Banks and Dockter, 1976
Winkelman 1:24,000 Krieger, 1974d
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Table 2.-- Thesis mapping used in the compilation of the Tucson 19 by 20 quadrangle.
See selected references for complete citation

Area studied Scale Author and thesis completion date
Central Arizona 1:125,000 Balla, 1972
Tortolita-Santa Catalina Mts. *1:62,500 Budden,1975
Buehman Canyon, Santa 1:6,000 Bykerk-Kauffman, 1983
Catalina Mts.
Black Hills 1:62,500 Hansen, 1983
Safford Peak, Tucson Mts. 1:9,600 Imswiler, 1959
Geesaman Wash, Santa 1:12,000 Janeke, 1986
Catalina Mts.
Picacho Mts. 1:6,000 Johnson, 1981
Northern Tucson Mts. 1:6,000 Knight, 1967
Northern Rincon Mts. 1:24,000 Lingrey, 1982
Waterman Mts. 1:6,000 McClymonds, 1957
Silver Bell Mts. 1:100,000 Sawyer, 1987
Northern Santa Catalina Mts. 1:24,000 Wallace, 1954
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GEOCHEMISTRY
By Maurice A. Chaffee
Data Coverage

For this report, all available analyses from the NURE hydrogeochemical and stream-sediment
reconnaissance (HSSR) data bases (National Uranium Resource Evaluation Program, 1982a, b, ¢)
and the USGS RASS and PLUTO data bases were retrieved and examined. The information
contained in these data bases is summarized in tables 3 and 4. The locations of sample sites for
each medium for which analytical data exist are shown on figures 3 to 12 for the Tucson and

Nogales 1° by 2° quadrangles. For this geochemical evaluation, only the three data bases
mentioned above were examined. No exhaustive search was made for additional geochemical data,
although such data probably exist. Also, none of the Indian reservations within the study area
have been evaluated because of the proprietary nature of the geochemical data (see Introduction).

Except for soil samples, the NURE data bases do not have adequate sample coverage for
regional evaluations (tables 3, 4; figs. 3-7). The soil samples adequately cover the study area, but
they were rejected for this evaluation because (1) soil samples usually represent restricted source
material and are thus not suitable for a regional reconnaissance evaluation, (2) there is no way to
determine whether the material collected was, in fact, soil and whether it was derived from residual
or transported material or even from a reasonably consistent soil horizon, and (3) the fine size of
the material collected (<0.149 mm or <100 mesh) suggests that eolian contamination and dilution
may have biased the analyses, a suspicion that is confirmed by the distributions of selected
elements, which show anomalies along major highways and downwind from major mines and
smelters.

The PLUTO data base contains data for numerous rock samples (tables 3, 4) but has little else
of use for a regional assessment. Because rock samples generally represent point sources of data,
they are not generally useful in regional reconnaissance evaluations. They are most useful for
defining normal abundances of elements in selected rock types and for identifying elements
associated with the types of mineralization that may be present in a study area. Much of the
PLUTO data are for samples collected prior to 1980. Consequently, the elements analyzed for
these samples commonly were not the same suite as has been routinely used in RASS, and the
detection limits for PLUTO samples differed from those commonly found in RASS data.

For this investigation, the chemical data for the stream-sediment samples in the RASS data base
were deemed the most useful, even though the coverage is not uniform (fig. 9). The distributions
of anomalies for samples in this medium are discussed below.

Evaluation of USGS Stream-sediment Data

Information concerning the complete stream-sediment data set is summarized in table 5. All
samples were analyzed by a semiquantitative emission spectroscopic method (Grimes and
Marranzino, 1968), although not every sample was run for all of the commonly determined 31
elements. Also, several elements (As, Au, Sb, Th) that are usually determined spectrographically
were not found in detectable concentrations in any of the samples. Many samples from the
Nogales quadrangle were also analyzed by various nonspectroscopic methods for As, Au, Cd, Hg,
Sb, Te, U, and (or) Zn (tables S5, 6). In contrast, with the exception of AA-Zn, samples from the
Tucson quadrangle were not analyzed for any elements by nonspectroscopic methods. Evaluation
of the geochemical data is, therefore, further hampered by a lack of data on many common ore-
related elements. Thus, the lack of anomalies for a given ore-related element in a given area may
result from a lack of analyses rather than from analyses that were within the background range.
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The ore-related elements Ag, As, Au, Bi, Cu, Hg, Mo, Pb, Sb, Sn, Te, U, W, and Zn were
selected from the original data set for this evaluation. Information about these elements is
summarized in table 6. For the discussion below, each 1° by 2° quadrangle was divided into areas
that generally represent a single mountain range or part of a range (pl. 2). Those ranges for which
there are geochemical data are delineated by a letter, which also has been added in parentheses after
each range name in the text. Plate 2 also shows the approximate limits of outcrop of pre-middle
Miocene age rocks, which are considered to have been deposited after major mineralization. These
outlines are useful for planning future sampling programs. They also emphasize that only about 50
percent of the study area is composed of outcrops and, thus, is suitable for reconnaissance
geochemical sampling.

Element maps were made for evaluating the study area (pls. 3 to 17). Anomalies shown on
these maps have been integrated into the discussion that follows. Several symbols identify
anomalous samples on the geochemical maps. The classificiation of sample analyses is somewhat
arbitrary and is based on past experience in evaluating tracts for their mineral potential. In general,
a square represents approximately the upper 2 percent (98th percentile) of all of the analyses for a
given element and a circle represents the next 3 percent (95th percentile). Other symbols further
classify the element abundances in decreasing concentration ranges. A plus (+) is used for
analyses considered to be clearly in the background range for a given element.

Actual anomalous areas are delineated, to some extent, arbitrarily on the basis of past
experience but also on a knowledge of mineralized areas in the two quadrangles. In general,
anomalies based on clusters of anomalous samples are more significant than single-site anomalies,
particularly for concentrations near the threshold (uppermost background) value. Outlines of
anomalous areas in some cases are based on the extents of drainage basins, which represent the
restricted sources of the stream alluvium sampled; in other cases the outlines simply enclose
clusters of anomalous samples. The latter is especially true where the sample density is low.

Two maps are included for Au because samples were analyzed by two methods that are so
different that the analyses for the two methods could not be merged. The anomalies on the two
maps may or may not overlap, even where analyses of both types are available for the same general
area. This lack of agreement is partly related to the particulate nature, and therefore the commonly
erratic distribution, of gold in stream alluvium. This erratic distribution of gold tends to hinder
sample reproducibility. Other differences in anomaly distributions result from the spatial
distributions of anomalous samples and from the concentrations of gold in specific samples relative
to concentrations in other samples in the same data set.

Tucson Ouadrangle

--The Pusch Ridge part of this range, which has been
evaluated for a wilderness mineral resource assessment report (Hinkle and Ryan, 1982), is
composed mostly of Proterozoic and Tertiary plutonic rocks of intermediate composition. A few
prospects containing quartz veins with associated traces of base metals or Au were identified
(Hinkle and Ryan, 1982).

Stream-sediment samples from this range show scattered Cu, Mo, and Sn anomalies (pls. 8,
10, 13), some of which are relatively strong when compared to concentrations elsewhere in the
study area. These anomalies in the Pusch Ridge area are associated with quartz veins in Tertiary
and Proterozoic host rocks, an environment similar to that found at the San Manuel-Kalamazoo
porphyry copper-molybdenum deposit about 25 km to the northeast. The chemistry of the Pusch
Ridge area suggests a possibility of porphyry copper-molybdenum mineralization at depth.

Rincon Mountains (area B)--Part of this range has also been described in a wilderness mineral
resource assessment report (Thorman and others, 1981). Rocks in the wilderness study area
consist mostly of Proterozoic schist and of Proterozoic and Tertiary intrusions generally of
intermediate composition. Paleozoic, Cretaceous, and Tertiary sedimentary units and Paleozoic
and Cretaceous metasedimentary units are also present. Pods containing minor amounts of base
and precious metals were found in both skams and unaltered, carbonate-rich, Paleozoic
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sedimentary rocks and in sheared Proterozoic gneisses. Uranium mineralization is present in
Paleozoic and Cretaceous metasedimentary rocks, granitic rocks, and Tertiary "basin fill" clastic
rocks (Thorman and others, 1981).

The samples of stream sediment collected from the Rincon Mountains contain scattered,
generally weak anomalies for Ag, Cu, Mo, and Pb (pls. 3, 8, 10, and 11), with most of the
anomalies, including some that are strongly anomalous for Mo, confined to the northern part of the
range between the Redington Pass road and Mineta Ridge. The anomalous elements corroborate
known mineralization, which may represent leakage from a deep-seated porphyry copper and (or)
molybdenum system or from some other, as yet undefined, type of mineralization.

--Most of the area is covered by a thick sequence of mid-Tertiary
rhyolitic to andesitic volcanic rocks, but Proterozoic diabase, quartzite, and granitic rocks and
Paleozoic sedimentary rocks are exposed on the west side. Part of this area was studied for the
Aravaipa Canyon Instant Study Area by Krieger and others (1979) who identified no metallic-
mineral resources; however, zeolite resources were identified. Silver, Au, Cu, Mo, Pb, and Zn
have been produced from mining districts a few miles north of this study area (Krieger and others,
1979).

Samples collected from the Aravaipa Canyon study area are locally anomalous for Ag, Cu, Mo,
and (or) Pb (pls. 3, 8, 10, and 11). These anomalies may have resulted from contamination from
mining upstream to the north or may represent leakage from possible porphyry copper and (or)
molybdenum mineralization that may be present in the study area at depth under the Tertiary
volcanic cover.

Galiuro Mountains (area D)--A large part of this area was sampled for the Galiuro Wilderness
Area mineral resource assessment (Creasey and others, 1981). Outcrops are dominated by mid-
Tertiary volcanic rocks, which vary in composition from rhyolite to andesite. Locally exposed
older rocks include Proterozoic schists, granites, and quartzites; Paleozoic quartzites; and Late
Cretaceous or early Tertiary volcanic and plutonic rocks of generally intermediate composition.
Area D contains base- and precious-metal vein deposits that are present near faults in the Tertiary
volcanic rocks in or near Cretaceous granodiorite plutons. At least one porphyry copper-
molybdenum system, with associated Ag and Pb, has been identified in the Copper Creek district
at the north end of the area. This system is associated with Cretaceous granodiorite. Pyritic-
argillic alteration that is locally present in the Galiuro Volcanics may have resulted from
remobilization of blind porphyry copper mineralization during deposition of the volcanic rocks
(Creasey and others, 1981).

Evaluation of analyses of stream-sediment samples indicate that two significant clusters of sites
with anomalous Cu are present in the northern part of this range (pl. 8). These anomalies, locally
accompanied by Mo and Pb (pls. 10 and 11), reflect the known porphyry copper-molybdenum
mineralization in that area. Scattered anomalies for Ag and Cu (pls. 3 and 8) are present farther
south in the range. These anomalies may represent leakage upward into the overlying volcanic
rocks from blind porphyry copper-molybdenum mineralization. Scattered, locally strong, Sn
anomalies (pl. 13) may reflect felsic volcanic rock units similar to those that are known to be Sn-
rich in some localities in Arizona and New Mexico.

Santa Teresa Mountains (area E)--Part of this range was studied for the mineral resource
assessment of the Black Rock Wilderness Study Area (Simons and others, 1987). Rocks in the
Black Rock area include Proterozoic schist, gneiss, diabase, and quartz monzonite; Tertiary
granite; and Tertiary volcanic rocks of rhyolitic to basaltic composition. Simons and others (1987)
noted anomalous Ag, Au, Ba, Be, Bi, Cd, Co, Cu, Pb, Sn, V, W, and Zn associated with quartz
veins in volcanic rocks, granite, and granitic gneiss. They also described high concentrations of
rare-earth and associated elements, such as La, Th, Y, and Zr, which may indicate potential for
rare-carth-element resources in the area, and they suggested that contact-metasomatic vein tungsten
deposits may occur in metamorphic rocks.

On the basis of stream-sediment data, the eastern part of this range is strongly anomalous for
Cu, Pb, and Sn (pls. 8, 11, and 13) and weakly to moderately anomalous for Ag and Mo (pls. 3
and 10). These elements suggest a favorable environment for base- and precious-metal vein
mineralization. Porphyry copper and (or) molybdenum mineralization at depth is also possible.
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As has been suggested for the Galiuro area, the high Sn concentrations here may be related to a Sn-
rich, felsic volcanic or plutonic rock unit.

Mghgsm_m_mm_(amaﬂ--Samples from this area were collected for the Winchester
Roadless Area mineral resource assessment study (Chaffee, 1985). Outcrops are composed of the
same Tertiary volcanic units found in the Galiuro Mountains to the northwest. No mines or
prospects were identified in the roadless area and the range does not contain any anomalies that can
be related to mineralization.

Little Dragoon Mountains (area G)--This area contains outcrops of Proterozoic metamorphic
rocks, Paleozoic sedimentary rocks, and Laramide plutonic rocks of intermediate composition.
The area contains base- and precious-metal skarn mineralization in Paleozoic rocks associated with
the porphyry copper deposit at Johnson Camp. Strongly anomalous Ag, Cu, and Mo (pls. 3, 8,
and 10) and moderately anomalous Sn (pl. 13) are present in samples collected from the eastern
part of the range. These anomalies reflect the porphyry copper-molybdenum deposit and
surrounding mineralization at Johnson Camp.

Nogales Quadrangle

ntai i --Outcrops in this area consist largely of Jurassic
sedimentary and volcanic rocks and Jurassic and Cretaceous felsic to intermediate plutonic rocks.
Much of the area contains weakly to moderately anomalous Au (pls. 5 and 6). Strongly anomalous
Te (pl. 14) occurs in the center of the range from near Mildred Peak northward. The Mildred Peak
area also locally exhibits anomalous Ag, As, Pb, Sb, and W (pls. 3, 4, 11, 12, and 16) as well as
scattered anomalies for Mo, Sn, and W (pls. 10, 13, and 16). The Ag, As, Au, Sb, and Te suite
suggests epithermal precious-metal vein mineralization. Tin and W anomalies suggest that veins
rich in these two elements or Sn-rich felsic igneous rocks may be present. Areas containing
anomalous Mo, Sn, and W may indicate porphyry molybdenum mineralization.

--Rocks in this complex mountain range include Jurassic and

Laramide felsic to intermediate plutonic rocks, Paleozoic sedimentary rocks, Mesozoic sedimentary
and volcanic rocks, and Tertiary volcanic rocks. Numerous major porphyry copper-molybdenum
deposits are present along the east side of the range.

Stream-sediment samples collected from the west side of this range contain strong anomalies
for Ag, Hg, Pb, Sb, Te, and Zn (pls. 3, 9, 11, 12, 14, and 17). Most of these anomalies are in or
near the Ash Creek drainage below known mineralized localities. This suite suggests that Ag-Pb-
Zn vein-type mineralization is the most common. One sample was anomalous for Au (pl. 6). The
southern and eastern parts of the range contain scattered sites with strongly anomalous Cu, Mo,
and Te (pls. 8, 10, and 14) and locally anomalous Ag and As (pls. 3 and 4). These anomalies
correlate with the known porphyry copper-molybdenum and associated skarn deposits in this area.

--This area is composed almost entirely of Cretaceous
and Tertiary volcanic rocks. Samples from the area are strongly anomalous for Ag, Hg, and Sb
(pls. 3, 9, and 12), and are locally weakly to moderately anomalous for Au, Mo, Pb, and Te (pls.
6, 10, 11, and 14). These elements correlate with known epithermal Ag-Hg base-metal veins in
the area.

--This range contains Jurassic and Cretaceous volcanic and
sedimentary rocks and Jurassic granitic rocks. Complex vein tungsten ores have been mined in the
northern part of the range and epithermal base- and precious-metal veins have been mined along the
south side. Samples collected from this range are strongly anomalous for Sb, Sn, and W (pls. 12,
13, and 16) and moderately to weakly anomalous for Ag, Au, and Mo (pls. 3, 5, 6, and 10).
These elements are consistent with the two known types of mineralization in the area.

San Luis Mountains-Cobre Ridge area (area L)--This area contains exposures of Jurassic and
Cretaceous sedimentary and volcanic rocks and Laramide felsic plutonic rocks. Small-scale base-
and precious-metal mining has occurred in the past. Samples from this area contain strongly
anomalous Au, Te, and W (pls. 5, 6, 14, and 16) as well as moderately to weakly anomalous Ag,
Bi, Cu, Hg, Mo, Pb, Sb, Sn, and Zn (pls. 3, 7-13, and 17). The anomalies for Ag, Au, Hg, Pb,
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Sb, Te, and Zn corroborate known epithermal Ag-Au vein mineralization. The anomalies for Bi,
Mo, Sn, and W may locate vein tungsten associated with the felsic plutonic rocks.
--The main rock types in this area include Jurassic and

Tertiary felsxc to intermediate volcanic rocks and Jurassic felsic plutonic rocks. Base- and
precious-metal vein deposits are found at the Ruby mine and numerous other smaller mines and
prospects. This area is strongly anomalous for many elements, including Ag, Au, Bi, Cu, Hg,
Mo, Pb, Sb, Sn, W, and Zn (pls. 3, 5-13, 16, and 17). The strong anomalies for Bi, Cu, Mo,
Sn, and W (as well as for some of the other elements) suggests that, in addition to vein deposits,
porphyry copper and (or) molybdenum mineralization could be present at depth, especially near
Bartlett Mountain.

jari --Jurassic and Tertiary volcanic rocks predominate; small amounts
of Mesozoic sedimentary rocks are present in the western part of the area. Samples from this area
are strongly anomalous for Ag, As, Au, Pb, Sb, Sn, and Zn (pls. 3-6, 11-13, and 17) and are
weakly to strongly anomalous for Bi, Hg, Mo, Te, and U (pls. 7, 9, 10, 14, and 15). Small
epithermal base- and precious-metal vein deposits are known in the area and uranium
mineralization has also been identified. The anomalous elements corroborate these deposits and
also suggest that some of these small veins may be the upper manifestations of one or more deep-
seated porphyry copper-molybdenum systems.

Tumacacori Mountains (area Q)--The north end of this range contains a Jurassic granitoid
pluton and small exposures of altered Paleozoic sedimentary rocks. Nearly all of the rest of the
range is composed of Tertiary volcanic rocks. Samples from this range contain scattered strong
anomalies for As, Au, Sb, and Sn (pls. 4, 6, 12, and 13) and local moderate to weak anomalies for
Ag, Au, Bi, Hg, Mo, and Te (pls. 3, 5, 7, 9, 10, and 14). The strongest anomaly, which contains
As, Au, Hg, Sb, Sn, and Te, is near the north end of the range. This anomaly is near the contact
between the granitic pluton and Tertiary volcanic rocks and suggests that epithermal-vein gold
mineralization may be present.

Mm@ﬂxﬁm_(mﬂ--’lhis small area consists of outcrops of a Jurassic granite. The
area contains weakly anomalous Au, Bi, Hg, Sb, and Sn (pls. 5, 7, 9, 12, and 13). This suite
suggests that weak vein-associated gold mineralization may be present locally

--This range contains a complex assemblage of Proterozoic
plutonic rocks; Paleozoic sedimentary rocks; Mesozoic sedimentary, volcanic, and plutonic rocks;
and Tertiary volcanic and intrusive rocks. Skarn deposits occur at the south end of the range; base-
and precious-metal-vein deposits are found in the middle and northern parts of the range; and
porphyry copper-molybdenum mineralization is found at Red Mountain in the northern part of the
range. Porphyry-type mineralization is also present at other localities in the range.

On the basis of the available geochemical data, the Patagonia Mountains are probably the most
highly mineralized part of the study area. Much of the range is moderately to strongly anomalous
for all 14 selected ore-related elements (Ag, As, Au, Bi, Cu, Hg, Mo, Pb, Sb, Sn, Te, U, W, and
Zn) (pls. 3-17). This suite is consistent with known porphyry copper-molybdenum mineralization
at Red Mountain, base- and precious-metal mineralization that is associated with at least one major
mineralized fault, and skarn mineralization at the south end of the range. The intensity and extent
of the geochemical anomalies in the range as a whole suggest that additional porphyry- and vein-

mineralization may be present at depth in various parts of the range (Chaffee and others,
1981).

--This small range contains Cretaceous sedimentary rocks
that were intruded by a small pluton. Samples collected in the area contain moderately to strongly
anomalous Hg (pl. 9), as well as moderately to weakly anomalous Ag, Au, Cu, Mo, Pb, Sb, Te,
U, and Zn (pls. 3, 5, 8, 10-12, 14, 15, and 17). This suite probably represents epithermal base-
and precious-metal vein mineralization but may also represent the upper manifestations of a deep-
seated porphyry copper-molybdenum system.

Santa Rita Mountains (area S)--Rocks in this area range from Proterozoic to Quaternary and
include felsic to intermediate plutonic rocks, felsic to mafic volcanic rocks, and clastic and
nonclastic sedimentary sequences. The most significant types of mineralization in the range
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include precious-metal veins, base- and precious-metal skarn deposits, and porphyry copper-
molybdenum deposits.

The range has not as yet been adequately sampled, but the available stream-sediment analyses
indicate that the area is strongly mineralized. Stream-sediment samples from the area are strongly
anomalous for Ag, As, Au, Cu, Pb, Sn, U, and Zn (pls. 3, 4, 6, 8, 11, 13, 15, and 17) and
weakly to moderately anomalous for Bi, Hg, Mo, Sb, Te, and W (pls. 7, 9, 10, 12, 14, and 16).
These anomalies are associated with known mineralization (1) north of Mt. Fagan at the north end
of the range, (2) in the Helvetia-Rosemont district, (3) in the Greaterville district (Drewes, 1970),
(4) in the Cottonwood Canyon (Glove mine) area, and (5) in the Squaw Peak-Temporal Gulch area
at the south end of the range (Drewes, 1967). Many of the stream-sediment anomalies present in
the Patagonia Mountains (area Q) continue northwestward into the south end of the Santa Rita
Mountains, suggesting that similar mineralized areas, particularly for porphyry copper-
molybdenum deposits, may be present in the Santa Rita Mountains. Locally high concentrations of
Mo, Sn, and (or) W may indicate occurrences of vein or skarn tungsten deposits or deep-seated
porphyry copper and (or) molybdenum systems.

i i --This range, northeast of the Santa Rita Mountains, contains similar
geology. Base- and precious-metal mineralization is present locally. This area has not, as yet,
been adequately sampled. Available data show stream-sediment samples with strongly anomalous
Mo, and Te (pls. 10 and 14) as well as weakly to moderately anomalous Ag, As, Bi, Cu, Pb, Sb,
and Zn (pls. 3, 4,7, 8, 11, 12, and 17). This suite corroborates known Ag-rich base-metal
mineralization. It is possible that this mineralization may be associated with a deep-seated
porphyry copper-molybdenum system.

Whetstone Mountains (area U)--This range contains Proterozoic granite and gneiss, Paleozoic
sedimentary rocks, and Mesozoic and Tertiary sedimentary, volcanic, and plutonic rocks. Part of
the area was sampled for a mineral resource assessment of the Whetstone Roadless Area (Wrucke
and others, 1983). Samples collected in this range show scattered anomalies for Ag, As, Bi, Cu,
Mo, Sb, Sn, U, and W (pls. 3, 4, 7, 8, 10, 12, 13, 15 and 16), and a widespread weak to
moderate anomaly for Au (pl. 5). The most significant anomaly (As, Au, Bi, Cu, and Mo) is in
Mescal Creek on the southeast side of the range, where porphyry copper-molybdenum
mineralization and base- and precious-metal mineralization are known (Wrucke and others, 1983).
Bismuth, Sn, and W anomalies may be associated with tungsten-vein mineralization. Other
deposits identified in this range by Wrucke and others (1983) contain F, Hg, and U.

i --Outcrops in this small range are predominantly Paleozoic
sedimentary and Jurassic volcanic rocks. The few stream-sediment samples from the area contain
scattered anomalies for Au, Pb, and Te (pls. 6, 11, and 14), suggesting that epithermal precious-
metal vein mineralization may be present locally.

Canelo Hills (area W)--This area contains a predominance of Paleozoic sedimentary rocks and
Jurassic and Cretaceous volcanic rocks. Local anomalies of Au, Pb, Sb, Sn, Te, and Zn (pls. 5,
6, 11-14, and 17) are found in the area. The source or sources of most of these anomalies are not
known. Only the Sn anomalies are particularly strong; they are probably related to Sn-bearing
felsic volcanic rocks.

i --Proterozoic granite, Paleozoic and Mesozoic sedimentary
rocks, and Jurassic and Cretaceous felsic to intermediate intrusions predominate in this area.
Stream-sediment samples are moderately to strongly anomalous for Hg, Pb, Sn, Te, W, and Zn
(pls. 9, 11, 13, 14, 16, and 17) on the east side and for Ag, Cu, Hg, Pb, Sn, Te, and Zn (pls. 3,
8,9, 11, 13, 14, and 17) on the west side. Anomalies for Au, Bi, and (or) Sb (pls. 5-7 and 12)
are present in scattered localities. The Bi, Sn, and W anomalies are related to known tungsten-vein
mineralization along the east front of the range. The other elements reflect known polymetallic
base- and precious-metal vein-type and skarn mineralization, primarily in the western part of the
range.

Tombstone Hills (area Y)--This area contains outcrops of Paleozoic and Mesozoic sedimentary
rocks, Mesozoic volcanic rocks, and Laramide intrusions. Past mining has been of carbonate-
hosted base- and precious-metal ores. Stream-sediment samples are moderately to strongly
anomalous for Ag, As, Au, Cu, Hg, Pb, Sb, Te, and Zn (pls. 3-6, 8, 9, 11, 12, 14, and 17) and
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also contain weakly to moderately anomalous Mo (pl. 10). These anomalous elements reflect the
known mineralization but also suggest that a porphyry copper-molybdenum system may be present
at depth.

Mule Mountains (area Z)--Only a small part of this range, which includes the Bisbee porphyry
copper district, is in the study area. The exposures are mostly Paleozoic sedimentary rocks but
include Proterozoic metamorphic rocks and Laramide intrusions. Samples from this area contain
strongly anomalous Te (pl. 14) and weakly to moderately anomalous Au, Pb, and Sn (pls. 5, 11,
and 13). The Au and Te may reflect the outer effects of a chemical halo surrounding the Bisbee
district or might represent leakage from a deep, as yet unknown, porphyry copper-molybdenum
system.

--About one-third of this range is within the study area. The
entire range was studied for the Dragoon Mountains Roadless Area assessment (Drewes and
others, 1983). The part of the range in the study area contains mostly Proterozoic granodiorite and
metamorphic rocks, Paleozoic and Mesozoic sedimentary rocks, and Tertiary granitic rocks. The
roadless area study identified localities west of 110°00" west longitude that might contain silver-
and base-metal-rich skarn deposits, porphyry molybdenum deposits, and replacement or vein
deposits of tungsten (Drewes and others, 1983).

Based on available geochemical data, this range is one of the most intensely mineralized in the
study area. Strong to moderate anomalies for Ag, As, Au, Bi, Cu, Mo, Pb, Sb, Sn, Te, W, and
Zn (pls. 3-5, 7, 8, 10-14, 16, and 17) all overlap in the northern part of the range. This suite of
elements agrees with those that might be expected in the types of mineralization mentioned above.
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Table 5.--Summary of analytical data for combined stream-sediment data sets, Tucson and Nogales
10 by 20 quadrangles, Arizona

[All values are in parts per million except those for Fe, Mg, Ca, and Ti, which are in percent. Letters
preceding element symbol indicate analytical method; S, emission spectroscopic analysis; AA, atomic
absorption analysis; INST, instrumental method; CM, colorimetric analysis. B, not analyzed; L, less
than lower limit of determination shown in minimum value column; N, not detected at lower limit of
determination shown in minimum value column; G, greater than upper limit of determination as shown in
maximum value column, except S-Pb (20, 000) S-Zn (10,000), S-Zr (2,000), AA-As (2,000), and
INST-Hg (10)]

Geometric

Minimum  Maximum mean  Unqualified Numbers of Qualified analyses
Variable value value valuel  analyses B L N G
S-Fe% 0.5 20 3.6 2,561 0 0 0 16
S-Mg% .05 10 .64 2,577 0 0 0 0
S-Ca% .05 20 74 2,573 0 4 0 0
S-Ti% .005 1.5 39 2,521 0 0 0 56
S-Mn 70 5,000 850 2,551 0 0 0 26
S-Ag .5 500 14 385 0 215 1,977 0
S-B 10 1,500 31 1,961 0 581 35 0
S-Ba 20 5,000 620 2,572 0 2 0 3
S-Be 1 100 1.8 2,224 0 290 63 0
S-Bi 10 1,000 21 42 959 31 1,545 0
S-Cd 20 500 81 18 959 10 1,587 3
S-Co 5 70 12 2,377 0 124 76 0
S-Cr 10 700 37 2,428 0 111 38 0
S-Cu 5 10,000 33 2,569 0 8 0 0
S-La 20 1,000 56 2,462 0 62 47 6
S-Mo 5 300 7.6 541 0 280 1,756 0
S-Nb 20 300 25 400 0 1,445 732 0
S-Ni 5 200 16 2,393 0 144 40 0
S-Pb 10 7,000 48 2,570 0 3 0 4
S-Sc 5 70 9.7 2,402 108 54 13 0
S-Sn 10 1,000 18 95 3 80 2,399 0
S-Sr 100 1,000 240 2,362 0 111 104 0
S-v 10 1,000 83 2,572 0 5 0 0
S-w 50 100 55 14 959 60 1,544 0
S-Y 10 1,500 32 2,572 0 5 0 0
S-Zn 200 7,000 360 265 0 214 2,089 9
S-Zr 10 1,500 220 2,467 62 0 1 47
AA-As 10 1,500 28 284 1,479 109 703 2
AA-Cd .10 24 22 60 2,421 0 96 0
AA-Sb 2 1,500 4.4 736 1,043 186 612 0
AA-Zn 10 150,000 56 1,722 853 0 2 0
AA-Au-P .05 10 13 147 1,242 347 841 0
AA-Au-T .002 1. .011 121 2,351 16 89 0
AA-Te .01 120 .07 925 1,498 65 89 0
INST-Hg .02 1.2 .05 1,211 1,122 70 173 1
INST-U 25 21 1.2 130 2,447 0 0 0
CM-As 1.0 100 18 98 2,116 113 250 0
1Based on unqualified analyses only.
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Table 6.--Summary of analytical data for ore-related elements in 2,527 stream-sediment
samples, Tucson and Nogales 19 x 20 quadrangles, Arizona

[All values are in parts per million. Letters preceding element symbol indicate analytical
method; S, emission spectrographic analysis; AA, atomic absorption analysis; INST,
intrumental method. N, not detected at lower limit of determination shown in parentheses;
L, detected but in a concentration less than value shown in parentheses; G, detected but in a
concentration greater than value shown in parentheses. P following Au indicates partial
digestion method; T, total digestion method]

50th Number of
—Concentrationrange percentile unanalyzed
Element Background Anomalous value samples
S-Ag N(.5)-L(.5) 0.5-500 N(.5) 0
AA-As N(10)-10 20-G(2,000) N(10)1 1,479
AA-Au-P N(.05) L(.05)-10 N(.05)1 1,242
AA-Au-T N(.002)-0.003 0.004-1.00 0.0021 2,351
S-Bi N(10) L(10)-1,000 N(10)1 959
S-Cu L(5)-70 100-10,000 30 0
INST-Hg N(.02)-0.11 0.12-G(10) 0.041 1,122
S-Mo N(5)-5 7-300 N(5) 0
S-Pb L(10)-70 100-G(20,000) 50 0
AA-Sb N(2)-2 3-1,500 L)1 1,043
S-Sn N(10) L(10)-100 N(10) 0
AA-Te N(.01)-0.048 0.05-120 0.0351 1,498
INST-U 0.25-0.69 0.70-21 0.971 2,447
S-W N(50) L(50)-100 N0yl 959
AA-Zn N(10)-95 100-150,000 501 853

1Unanalyzed samples excluded for calculation.
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GEOPHYSICS - GRAVITY AND MAGNETIC METHODS
By David A. Ponce
Gravity Methods

Data Coverages

There are approximately 4,100 and 3,100 gravity stations in the Tucson and Nogales
quadrangles, respectively (fig. 13). These data were compiled from the U.S. Department of
Defense gravity files (available from National Geophysical Data Center, National Oceanic and
Atmospheric Administration, Mail Code E/Gcx2, 325 Broadway, Boulder, CO, 80303). Sources
for these data are listed in table 7.

Gravity coverage of the Tucson and Nogales quadrangles is poor to fair, averaging about one
to two stations per 25 km? (fig. 14). Excluding Mexico, there are 357 5 x 5 km cells that have no
stations, 269 cells that have one station, 111 cells that have two stations, and 645 cells that have
three or more stations.

Density Data

Density data are listed in table 8. Proterozoic metamorphic rocks are generally denser than
intrusive rocks. Proterozoic gneissic rocks have average densities of about 2.59 to 2.73 g/cm3.
Eigh?'-one samples of plutonic rocks from the Basin and Range province of Arizona average 2.62
g/cm? and range from 2.27 t0 2.79 cm3. Paleozoic carbonate rocks generally have high
densities of about 2.64 to 2.77 g/cm”. Tertiary volcanic rocks have a wide range in density from
about 2.15t0 2.75 g/cm3 and 40 volcanic samples from the Basin and Range provice of Arizona
have an average of 2.45 g/cm3 (Oppenheimer, 1980). Davis (1971) reported that drill-core data
indicate a density of about 2.27 g/cm3 for the upper part of unconsolidated mid-Tertiary formations

and that interpretation of velocity logs shows a density of at least 2.5 g/cm3 for these sediments at
depth.

Interpretation

A complete Bouguer gravity anomaly map of the Tucson and Nogales quadrangles is shown
on figure 15 and plate 18. Complete Bouguer anomalies were reduced for a density of 2.67 g/lem3
and terrain corrected from the station to a radial distance of 167 km. An isostatic gravity anomaly
map is shown on figure 16 and plate 19 and was reduced with an assumed upper-crust density of
2.67 g/cm3, a crustal thickness of 25 km, and a density contrast between the upper crust and lower
mantle of 0.4 g/cm3. These maps were compiled from publicly available data. An analysis of
individual gravity sources has not been made, but stations with obvious errors, usually greater than
about 5 mGal, have been removed from the data sets. Several published gravity maps that cover
all of the Tucson or Nogales quadrangles are available including a Bouguer gravity anomaly map
of Arizona at a scale of 1:500,000 (West and Sumner, 1973), a residual Bouguer gravity anomaly
map of Arizona at a scale of 1:1,000,000 (Aiken, 1975), a complete residual Bouguer gravity
anomaly map of the Tucson quadrangle at a scale of 1:250,000 (Lysonski and others, 1981), and a
complete residual Bouguer gravity anomaly map of the Nogales quadrangle at a scale of 1:250,000
(Lysonski and others, 1981).

Bouguer gravity anomaly values range from about -190 to about -60 mGal. The lowest
values are found over thick alluvium in the Tucson basin about 15 mi south of Tucson, in Aravaipa
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Canyon in the northeastern part of the study area, and in the Sonoita basin southwest of the
Whetstone Mountains. The highest Bouguer gravity values are found in the northwestern part of
the study area in the Silver Reef and Slate Mountains. Isostatic gravity anomaly values range from
about -35 to 15 mGal. The lowest of these values are in alluvial basins, whereas the highest values
are over the Picacho Mountains and southeast of the Santa Catalina Mountains over the Tucson
basin.

There are two major regions of differing gravity trends in the study area. In the northeastern
part, gravity trends are northwest, whereas in the southwestern part trends are predominantly north
and northeast. These two regions are separated by a gravity lineament that extends from Bisbee to
approximately 80 km due west of Phoenix and probably continues to the northwest. Near Tucson,
on the isostatic gravity anomaly map, this lineament is marked by one of the more conspicuous
features, a northwest-trending high that overlies the eastern part of the Tucson basin and the
western part of the Santa Catalina and Rincon Mountains. The source is probably at intermediate
depth and is denser than the gneissic rocks that comprise most of the Santa Catalina Mountains.
This gravity anomaly also correlates with 2 major magnetic anomaly discussed below.

All the major valleys in the study area are characterized by high-amplitude gravity lows that
generally indicate intermediate to deep alluvial basins. A gravity anomaly with an amplitude of
about 25 mGal is south of Tucson in the Santa Cruz Valley. There, an assumed density contrast of
about 0.3 g/cm3 yields a thickness of about 2.5 km, whereas a density contrast of about 0.2 g/cm3
yields a thickness of about 3.8 km. The latter depth correlates well with drill-hole data that indicate
a depth to quartz monzonite basement of 3.9 km (Aiken and Sumner, 1974). A more detailed
analysis of the Tucson basin was made by Davis (1971) and other basins were discussed by Aiken
and Sumner (1974) and Oppenheimer and Sumner (1981).

Magnetic Methods
Data Coverage

There are approximately 16 acromagnetic surveys that are all or partly within the study area
(see Hill, 1986). Figure 17 shows the boundaries of the aeromagnetic surveys and table 9 lists
them in chronological order by year flown, provides survey specifications, gives the reference for
each survey, and indicates those surveys that are available in digital form.

Susceptibility Data

Magnetic susceptibility data are listed in table 10. These data are predominantly from the
northern part of the Tucson basin and susceptibility values for these rocks may not be
representative of other areas. Rock units in the study area are weakly to strongly magnetic based
on limited magnetic susceptibility data and on the relation between lithology and magnetic
anomalies. In general, granitic rocks are moderately to strongly magnetic except for weakly
magnetic Cretaceous to Tertiary peraluminous granitic rocks and some weakly magnetic Tertiary
granitic and Proterozoic gneissic rocks. The metamorphic core complexes of the Tortilla, Santa
Catalina, and Rincon Mountains that appear to be almost devoid of magnetite (Sumner, 1985) are
weakly magnetic and are associated with broad magnetic lows. Volcanic rocks have a wide range
of magnetic susceptibility and Paleozoic carbonate rocks are essentially nonmagnetic.

Interpretation

A total intensity aeromagnetic map of the Tucson and Nogales quadrangles is shown on
figure 18 and plate 20. This map was compiled from two surveys that are available in digital form,
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an aeromagnetic survey of Arizona flown at 9,000 ft (2,700 m) barometric elevation with north-
south flightlines spaced at 3-mi (4.8-km) intervals (Sauck and Sumner, 1970) and an aeromagnetic
survey of Tombstone and vicinity flown at 9,000 ft (2,700 m) barometric elevation with north-
south flightlines spaced at 1-mi (1.6-km) intervals (Andreasen and others, 1965).

A very conspicuous feature of the acromagnetic map is a magnetic high trending N. 50° W.
along the Tucson basin. The anomaly is about 15 mi (24 km) wide and at least 140 mi (220 km)
long. This magnetic anomaly may be related to a similar magnetic feature near Ajo; Klein (1982)
suggested that these magnetic anomalies are offset from one another. The inferred offset would be
about 80 mi (130 km). Gneissic rocks exposed northeast of the anomaly have a very low

susceptibility of about 0.065 x 103 cgs units and are probably not the cause of the anomaly.
Rather, this anomaly is probably caused by a dense magnetic intrusion. Sauck and others (1971)
and Sumner (1985) suggested that this positive magnetic feature may indicate a deep-seated
intrusive belt.

In the northeastern part of the study area, an interpretation by Davis (1981) of an
aeromagnetic map of part of the Galiuro Mountains has shown that most of the main anomalies are
caused by volcanic rocks. Anomalies in the northwestern part of the Galiuro Mountains are
probably related to a quartz-monzonite pluton that hosts copper deposits in the Copper Creek
mining district. Some low magnetic gradients and magnetic lows may represent altered zones
southeast of Mescal Peak, west and northwest of Kielberg Peak, near Rhodes Peak, near China
Peak, and in an area north of Sunset Peak. A magnetic high near Basset Peak in the southeastern
part of the Galiuro Mountains covers a north-trending dike swarm (see Davis, 1981).

Several of Arizona's porphyry copper deposits are associated with arcuate magnetic lows.
One of these, the Twin Buttes low, is north of the Sierrita Mountains, about 20 mi (30 km)
southwest of Tucson. In contrast, the Silver Bell and Lakeshore deposits in the northwestern part
of the study area are on or near magnetic highs (see Sumner, 1985).

A geophysical study of the Whetstone Mountains was done as part of a wilderness mineral
resource evaluation (Bankey and Kleinkopf, 1985). The most prominent anomaly in the area is a
circular magnetic high over an outcrop of Cretaceous granodiorite (pl. 20), which indicates that the
granitic intrusion probably extends to the east under alluvium. Although the magnetic
susceptibility of a single surface sample of the granodiorite was 1.7 x 103 cgs units, a simple
magnetic model suggests that it must have a susceptibility greater than about 6.0 x 10-3 Cgs units.
A second major anomaly in the northern part of the Whetstone Mountains covers a large outcrop of
Proterozoic quartz monzonite. (See Bankey and Kleinkopf, 1985). This anomaly trends
northwest and may, in part, be related to the structural trend of the Tucson-basin anomaly
discussed above.

Another gravity and magnetic study done as part of a wilderness mineral resource assessment
was made in the Dragoon Mountains on the east-central edge of the study area (Klein, 1983). One
of the most prominent anomalies there is over alluvium near the southern tip of the Dragoon
Mountains (pl. 20). A gradient on the north side of the anomaly crosses, with little interruption, a
large Tertiary granite stock, suggesting that the stock is weakly magnetic and probably not the
cause of the anomaly. Magnetic data and a coincident gravity high suggest that this anomaly is
probably c%used by an uplift of Proterozoic basement or possibly by an unexposed intrusion (see
Klein, 1983).
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Table 7.--Sources for U.S. Department of Defense (DOD) gravity data
[na, not available; DMAH/TC, Defense Mapping Agency Hydrographic/Topographic Command]

DODsource  Number of

code stations Year Source and comments

1083 29 na National Oceanic and Atmospheric Administration

2051 39 na Woollard, G.P., University of Wisconsin

2250 1,101 na USGS; Tucson gravity data

2270 659 na USGS, Peterson, D.L.

2381 4 1963 DMAH/TC; deleted!

2506 96 na DMAH/TC

2514 61 na USGS, Peterson, D.L.

2555 69 1966 USGS, Eaton, J.P., and Timmons, C.E.

2662 202 1965 USGS; Tombstone %ravity data

3035 3 1968 DMAH/TC, deleted

3097 190 1967 University of Arizona

3277 672 1969 DMAH/TC

3507 2 1954 Mack, J., and Iverson, R.M., University of
Wisconsin; deleted!

3598 6 1952 Ostenso, N.A., University of Wisconsin;
deleted]

4099 13 1967 DMAH/TC

4679 21 1974 Powers, H.W.; Maricopa-Casa Grande area

5790 569 1978 USGS, Hassemer, J.H., and Dansereau, D.;
Maricopa and Pinal Counties

5887 35 1981 USGS, Wynn, J.C.; Silver City quadrangle

5918 3,254 na University of Arizona

6048 22 na USGS, Boler, F.M,, and Brickey, M.

6206 2 na Hawaii Institute of Geophysics; deleted!

6323 112 1981 USGS, Bankey, V.; Whetstone Mits. area

6357 39 1981 USGS, Martin, R.A., Sherrard, M.S., and
Abrahms, G.A.; Winchester Mts. area

TOTAL: 7,200

1 Not used in present compilation (figs. 13, 14) because of the small number of stations or quality
of data
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Table 8.--Density data for southeastern Arizona
[na, not available; B and R, Basin and Range province]

Average
Number of densitg

Lithology samples  (g/cm>) Comments References
Alaskite 1 2.56 ‘Whetstone Mts. Bankey and Kleinkopf (1985)
Alluvium na 2.0 Sulphur Springs Valley Aiken (1978)
Alluvial fill 29 2.25 . Tertiary Oppenheimer (1980)
Alluvial fill 323 2.12 . Cenozoic Oppenheimer (1980)
Andesite na 2.6 na Sulphur Springs Valley Aiken (1978)
Andesite porphry 4-5 2.52 na Pantano Formation Davis (1971)
Andesite porphyry 4-5 2.63 na - Davis (1971)
Aplite dike 4-5 2.58 na -- Davis (1971)
Basalt, vesicular 4-5 2.68 na Tertiary Davis (1971)
Breccia (7) 4-5 2.62 na Tucson Min. Davis (1971)
Diorite 4-5 2.86 na Leatherwood Diorite Davis (1971)
Gneiss 4-5 2.59 na Catalina Gneiss Davis (1971)
Gneiss 4-5 2.73 na Catalina Gneiss Davis (1971)
Gneiss 4-5 2.65 na Catalina Gneiss Davis (1971)
Gneiss 4-5 2.60 na Rincon Gneiss Davis (1971)
Gneiss 4-5 2.70 na Rincon Gneiss Davis (1971)
Granitic rock 4-5 2.62 na -- Davis (1971)
Granitic rock 4-5 2.56 na -- Davis (1971)
Granitic rock 4-5 2.62 na -- Davis (1971)
Granodiorite 1 2.68 na ‘Whetstone Mts. Bankey and Kleinkopf (1985)
Limestone 4-5 2.77 na Escabrosa Limestone Davis (1971)
Limestone 4-5 2.70 na Naco Group Davis (1971)
Limestone 4 2.70 2.64-2.77  Escabrosa Limestone Bankey and Kleinkopf (1985)
Limestone 2 2.68 2.67-2.70  Horquilla Limestone Bankey and Kleinkopf (1985)
Limestone 1 2.70 na Whetstone Mts., Colina Limestone  Bankey and Kleinkopf (1985)
Limestone 1 2.69 na Whetstone Mts., Concha Limestone Bankey and Kleinkopf (1985)
Metamorphic and

sedimentary rocks 78 2.67 2.57-2.99 B and R, Arizona nheimer (1980)
Metasiltstone 4-5 2.77 na Amole Formation (?) Davis (1971)
Mudstone 4-5 2.76 na Recreation Redbeds, Cretaceous Davis (1971)
Mudstone and

conglomerate na 2.4 na Sulphur Springs Valley Aiken (1978)
Phyllite 4-5 2.82 na Apache Group Davis (1971)
Plutonic rocks 81 2.62 2.27-2.79 B and R, Arizona Oppenheimer (1980)
Quartz monzonite 4-5 2.58 na Catalina Granite Davis (1971)
Quartz monzonite 4-5 2.69 na Rincon Granite Davis (1971)
Quartzite 4-5 2.69 na Bolsa Quartzite Davis (1971)
Rhyodacite 3 243 2.35-2.52  Whetstone Mts. Bankey and Kleinkopf (1985)
Quartzite 2 2.62 2.60-2.63  Bolsa Quartzite Bankey and Kleinkopf (1985)
Sandstone, silty 4-5 240 na Pantano Formation, Cienega Gap  Davis (1971)
Schist 2 2.66 2.65-2.66  Whetstone Mts., Pinal Schist Bankey and Kleinkopf (1985)
Sedimentary rocks 5 2.65 2.50-2.79  Whetstone Mts., Bisbee Group Bankey and Kleinkopf (1985)
Sediments na na 2.34-2.51  Catalina foothills Abuajamieh (1966)
Tuff, Welded 4-5 2.35 na Tertiary -
Volcanic rocks 40 245 2.15-2.75  Tertiary Oppenheimer (1980)
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Figure 13. Index showing gravity station locations.
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GEOPHYSICS - REMOTE SENSING
by
Susanne Hummer-Miller and Daniel H. Knepper, Jr.

Landsat Multispectral Scanner and Thematic Mapper

Data coverage

The USGS, Branch of Geophysics, maintains a library of Landsat satellite digital tape data.
Complete coverage of the Tucson and Nogales quadrangles for both multispectral scanner (MSS)
and thematic mapper (TM) data are available in this library. Four scenes of MSS or two full scenes
of TM data are required for complete coverage of the quadrangles. For this investigation, Landsat
MSS data for four scenes were registered to a UTM grid and digitally mosaicked to provide a
1:250,000-scale image base. The acquisition dates of the MSS scenes, clockwise from the
northwest, are November 29, 1974; November 2, 1972; June 1, 1974; and September 28, 1972.
A regional limonite map was constructed from the mosaicked data base at a 1:250,000 scale to
identify areas that might be associated with hydrothermal alteration. (This and all other digitally-
derived maps discussed in this section are available for inspection at the U.S. Geological Survey,
Branch of Geophysics, Denver Federal Center, Denver, Colo. Excessive computer time and costs
prohibited inclusion of these maps in this report.) Vegetation was included on this map to indicate
areas that could not be assessed for limonite due to the masking effect of vegetation. Note that the
southeastern part of the mosaic is a June scene; because vegetation is much more pronounced in
June than in the fall, more of the limonitic areas there will be masked by vegetation. A computer-
enhanced color-infrared composite at a 1:250,000 scale was also prepared from the mosaicked data
for regional structural interpretations. Available Landsat TM data were previewed for suitability
for follow-up detailed alteration mapping at higher spatial and spectral resolution than can be
obtained with MSS data and should provide excellent results.

Interpretation

Limonite detection was made on the basis of the steep positive slope of the spectral
reflectance of ferric-oxide minerals in the visible part of the spectrum resulting from strong
absorption in the ultraviolet region. The single band MSS data were calibrated to percent
reflectance (Robinove, 1982) and an image of the ratio of the green band (band 4) to the red band
(band 5) was used as a measure of slope of the reflectance curves. The pixels containing limonite
were defined by low 4/5 ratios (steep positive slope) of less than 0.88. The limonite map was
filtered using a 9 x 9-pixel box filter to eliminate scattered isolated limonite pixels and to enhance
clustered limonite pixels.

Several large expanses of limonitic material are conspicuous, primarily in the west half of the
study area. These areas are mainly associated with Quaternary and (or) Tertiary sediments in the
major valleys and basins, including Santa Cruz Flats and Santa Rosa, Aguirre, Avra, Altar, and
Baboquivari Valleys. The limonitic response in these areas is most likely from weathering of
ferric-oxide materials rather than from hydrothermal alteration. Extensive field evaluation is
needed to distinguish the limonite caused by hydrothermal alteration from that due to weathering.
Possible hydrothermally altered limonitic areas are generally small, commonly only the size of
three or four pixels (240-320 m). They are described briefly below:

Picacho Mountains--The anomalies are only in the southern part of the range in granitoid
rocks (Tg).
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Silver Bell Mountains--Three disturbed mining areas are limonitic. In addition, a northwest-
trending anomaly approximately 1 km long on the southwest edge of the West Silver Bell
Mountains extends from rhyolitic volcanic rocks (TKr) to granitic rocks (TKg).

--Limonitic anomalies are present in the northern and southern parts of
the range in volcanic rocks (TKv). The southern anomalies cover a larger area.

B_am;yag_l\d_mg--ln the northern part of this range, there are small anomalies in the
peraluminous granite (TKgm). The central region has anomalies in the southern and eastern parts
of a volcanic unit (Tv) parallel to the fault separating it from unit Jv. The southern part of the range
has numerous small limonitic anomalies in the peraluminous granite (TKgm). There are several
anomalies along faults in volcanic and sedimentary rocks (Jvs).

Tortolita Mountains--Limonitic anomalies are present in granitic rocks (TKg) throughout the
range.

Tucson Mountains--Only two anomalies are present; these are in the southwestern part,
where the Bisbee Group and related rocks (KJb) are exposed.

Sierrita Mountains--Limonitic anomalies are present in the northern part of this range in
granitoid rocks (TKg, Jg, and Yg).

Atascosa Mountains--These mountains are very heavily vegetated and only two small
limonitic anomalies are seen in basaltic volcanic rocks (Tb).

Tortilla Mountains--A few limonitic anomalies are present in granitic rocks (Yg) and the
Apache Group (Ya).

Mountains--This range has numerous small limonitic anomalies throughout, mainly
in rhyolitic tuff (Trt) and andesite (Ta).

Winchester Mountains--The limonitic pattern in this range is very similar to that in the
Galiuro Mountains with numerous, evenly spaced anomalies. They are mainly in large exposures
of rhyolite (Tr) and basalt (Tb).

inalen ntains--Limonitic anomalies are present within granitic rocks
(Tg, Yg,and Xg). A conspicuous linear pattern, approximately 3 km long, of anomalies is seen in
Early Proterozoic granitic rocks in the eastern part of the range.

n --Numerous limonitic anomalies are confined to the northeast flank
of this range. The anomalies are in granitoid rocks (TKg), the Apache Group (Ya), and Paleozoic
sedimentary rocks.

Little Dragoon Mountains--The few anomalies present in the range are all in the south in
granitoid rocks (TKg) and the Bisbee Group and related rocks (KJb).

--About 20 anomalies are evident in the center of this range in the Bisbee
Group and related rocks (KJb) and granite (Yg). The Bisbee Group in the southern part of the
range has three distinct anomalies.

Tombstone Mountains--The few limonitic anomalies are only in the western part of the range
in the Bisbee Group (KJb) and volcanic rocks (Kv).

Patagonia Mountains--This range has only two limonitic anomalies, in volcanic rocks (Kv).

Gamma-ray Spectrometry

Data coverage

Existing gamma-ray radioactivity data for the Tucson and Nogales quadrangles consist of
NURE aerial surveys of each quadrangle (U.S. Department of Energy, 1979a, b). These data
were acquired along 3-mi-spaced east-west and 12-mi-spaced north-south flightlines at 400 ft
above ground level. This represents about 6 percent coverage of the quadrangle because an aerial
gamma-ray survey at 400 ft above ground level effectively detects terrestrial gamma radiation from
a swath only 800 ft wide along each flightline. Therefore, these data are samples of the source
populations in the study area but do not represent all radiometric sources that may be present.
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Interpretation

NURE aerial gamma-ray data for the 1° by 2° quadrangles that include Arizona have been
compiled into a data base for the COGEOMAP program. These data represent the near surface
(<50 c¢m) distribution of the natural radioelements U (uranium), K (potassium), and Th

(thorium)1. The gamma-ray data have been gridded with a cell size of 3 km to allow preparation of
contour and color-composite maps (CCM) at various scales. The following discussion uses
radioelement maps of Arizona and of the Nogales and Tucson quadrangles, all derived from the
COGEOMAP data base.

Figures 19-21 are the U, K, and Th gray-scale contour maps of Arizona, which provide a
synoptic view of the radioelement distributions in the state. The southwestern part of Arizona has
a heterogeneous radioelement concentration, which reflects the heterogeneity of the rocks that
compose the transition zone and Basin and Range provinces. These provinces contain a variety of
igneous, metamorphic, and sedimentary rocks of Proterozoic to Cenozoic age with consequent
variability in radioelement concentrations.

Seven radioelement maps at 1:250,000 scale were produced for this study: contour maps of
U, K, and Th, a CCM of the three elements , and CCM's for U and its ratios U:K and U:Th, K
and its ratios, and Th and its ratios. The contour maps show the quantitative distribution of the
radioelements. The color maps were constructed using the color-compositing technique of
simultaneously dipicting three parameters on the same map using the primary colors of red, green,
and blue (Duval, 1983). The CCM for the three elements depicts U as red, K as green, and Th as
blue. Combined highs are light or white and combined lows are dark or black. Areas of mixing of
the radioelements in relative proportions show up as color mixes (for example, red (U) + green (K)
= yellow). CCM's have qualitative relevance only. This technique is used to simultaneously
portray each of the three radioelements and their ratios, thereby highlighting the distribution of each
radioelement relative to the other two radioelements. The U CCM shows U as red, the ratios U:K
as green, and U:Th as blue; the K CCM shows K as red, K:U as green, and K:Th as blue; the Th
CCM shows Th as red, Th:K as green, and Th:U as blue. The color-compositing technique
affords a method of extracting nuances in radioelement distribution and was used in this study to
complement the contoured radioelement data.

The radioelement data for the Tucson and Nogales quadrangles show strong variations in
concentrations, commonly reflecting the silica content of igneous rocks and of sedimentary rocks
containing detritus derived from igneous rocks. The data are used to discriminate more
radioactive, felsic rocks from less radioactive, mafic rocks. Thus, areas of higher concentrations
are associated mostly with felsic igneous rocks. Source lithologies for areas of lower
concentrations are not as readily discerned, although basalt, as expected, has low radioelement
concentrations.

With two exceptions, the study area is characterized by widely varying concentrations of all
the radioelements. In the east-central part of the area the contour maps show a distinctive
southeast-trending band of low concentrations of all radioelements. In contrast, there is a distinct
area of relatively higher concentrations that extends from the Baboquivari Mountains to the Santa
Rita Mountains.

The U contour map shows several areas of distinct highs, all of which appear to be
associated with granitic rocks. These areas are the northern Santa Catalina (Tg), northern
Comobabi (Jg), Quinlan (Jg, appears on fig. 2 as northernmost Baboquivari Mountains), southern
Baboquivari (TKgm), western Santa Rita (two distinct highs in TKg), Patagonia (mostly cover),
and Huachuca (Yg) Mountains. Areas of relatively higher U commonly are found in basins and

possibly reflect derivation of basin detritus from nearby felsic rocks. The U CCM displays!

1 The e for equivalent prefix for uranium and thorium, often used gamma-ray derived
measurements to denote the possibility of disequilibrium in the respective decay series, is
not used in this report.
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a band of moderately to highly anomalous concentrations crossing Aravaipa Canyon, and the U
source appears to be a combination of Mesozoic and Cenozoic igneous and sedimentary rocks
(primarily Trt, Ta).

The K contour map shows that high K concentrations are fairly evenly distributed throughout
the study area with the highest concentrations occurring in the south and southwest. The highest K
concentration is in volcanic rocks (Kv, Jv) in the Canelo Hills. The Tat Momoli Mountains (Ya,
Yg) and Silver Reef Mountains (Yg, Tb) have a dumbbell-shaped high connecting them. The K
high at Picacho Peak (Tv, Tsv) is probably related to K metasomatism that occurred along the
detachment fault in that area (S.J. Reynolds, oral commun., 1988). K metasomatism along a
detachment fault indicates that the fault is a likely pathway for mineralizing fluids (Brooks, 1985).
Other areas of K anomalies are the northern Comobabi (T'sm, Jg), southern Comobabi (Jg, Ja),
Artesa (Jg, Jv, TKv, Tsm), Baboquivari (Tv, Ks, Trt, Jv), Atascosa (Jv), and the Galiuro (Ta, Tr)
Mountains. The K CCM shows a "C"-shaped feature, open to the southwest, in the northern
Whetstone Mountains and adjoining pediment. The tips of the "C" are mostly in Proterozoic
granite, suggesting that the rest of the "C" could reflect detritus derived from these granites.

The Th contour map shows Th highs mostly in the south and southwest. The Quinlan and
Baboquivari Mountains both exhibit highs due to Mesozoic and Cenozoic felsic igneous rocks.
Just northwest of the Pajarito Mountains, the Th high is surrounded by lows. The high is in
Tertiary volcanic rocks and reflects the presumed felsic composition of that unit. In the Santa Rita
Mountains, Th highs trend south-southeast into the Canelo Hills. The major source for these
features 1is granite (Jg, TKg) but may also be Jurassic volcanic and other felsic igneous rocks. In
the Huachuca Mountains, there is a northwest-trending moderate Th concentration that is
coincident with a high U concentration in the granite (Yg). A northwest-trending low Th anomaly
is evident between the highs in the Huachuca Mountains and the Canelo Hills. It is located in QTa
and KJb and is fault bounded. A large Th high west of the Dragoon Mountains may have resulted
from granite detritus supplied by granite (Tg) in the western part of the Dragoon Mountains. This
area is high in all three radioelements as seen on the CCM. The Th CCM shows an anomalous
area in the valley between the Tortolita and the Santa Catalina Mountains, each of which has
Tertiary granite. The high may represent detrital Th minerals derived from the granites and
concentrated in the valley. East of the Picacho and southwest of the Tortilla Mountains, a Th
feature is expressed as mostly white on the Th CCM. On the CCM map of the elements, this area
shows moderate to low U and low K. This nuance in the radioelement distribution may have
mineralogic significance.
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GEOPHYSICS - ELECTRICAL AND SEISMIC METHODS
by Robert J. Bisdorf
Electrical methods

Electrical methods include direct-current (dc) sounding, dc profiling, magnetotelluric (MT) and
audio-magnetotelluric (AMT) sounding, controlled source AMT and electromagnetic sounding, and
dipole-dipole profiling. These techniques, by themselves, do not generally detect a mineral tract
(terrain), but are used as part of a multi-disciplinary study to add to the structural and lithologic
knowledge of an area.

In the study area, 14 AMT soundings were made (Baer and Klein, 1984; Martin and others,
1982) as a part of wilderness mineral resource investigations of very small areas along the east
boundary of the study area.

The USGS has access to about 25 MT soundings that were located along a line extending
northeast from the Picacho Mountains. Additionally, an unknown number of MT soundings have
been made along two lines, one running west to east from south of Tucson to El Paso, Tex., and
the other running south to north from just southwest of Tucson. These data are in nonproprietary
data sets available from Geotronics and from data acquired by the Los Alamos Scientific
Laboratory.

Twenty-one Schlumberger soundings were made near and south of Tucson (Tucci, 1984) as
part of a ground-water study by the Water Resources Division of the USGS and are publicly
available. On the Tohono O’Odham Indian Reservation more than 100 Schlumberger soundings
and more than 100 AMT soundings have been made by the USGS, but these data are currently
proprietary.

Induced polarization (IP) is a dipole-dipole profiling electrical technique that responds to
disseminated sulfide minerals such as those associated with porphyry deposits. Resistivity data are
a byproduct of IP surveys. There are very few references to IP in the literature for this area (see
references). This is not surprising because the technique is primarily used by mining companies
and existing data would be part of proprietary company records.

Seismic methods

The most common seismic techniques are refraction and reflection. Both are typically high-
cost, high-resolution techniques most effective for obtaining detailed information over a limited
area, typically along a profile or series of profiles. About 87 seismic refraction profiles of varying
lengths have been made from Tucson northwest to about Coolidge by the USGS, Geophysics
Branch. Most of these data are available but not interpreted. Over 3,000 line miles of seismic
reflection data were collected by Anschutz Oil to study part of an assumed overthrust area. Only
about 35 line miles of these data have been published (Keith, 1980). For shallow (less than 1 km)
mineral assessment or exploration, the data as shown are probably inappropriate.

Comments
Generally, resistivity studies are not appropriate for reconnaissance surveys because they

cannot cover enough area to be cost effective in that capacity. Once specific tracts have been
determined, resistivity techniques can be used effectively to help confirm or delineate resources.
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MINERAL RESOURCES
by Gail M. Jones

The Tucson and Nogales quadrangles have been mined since at least 1750, when placer mining
began in Arivaca Creek. Underground silver mining at the Cerro Colorado Mine began as early as
1770. The study area represents an important part of this mineral-rich state. In 1985 Arizona
produced 72 percent of the nation's copper and 18 percent, 12 percent, and 2 percent, respectively,
of molybdenum, silver, and gold (Burgin, 1987). That year, production from the Tucson and
Nogales quadrangles, as a percentage of state's metals output, was as follows: Mo, 77 percent;
Pb, 42 percent; Zn, 29 percent; Ag, 27 percent; Cu, 22 percent; Au, 10 percent; Mn, 6 percent; V,
6 percent; and W, 2 percent (Keith and others, 1983a). Although many areas within these
quadrangles have been extensively explored, opportunities exist for further exploration and
possible exploitation. This section reviews the mineral deposit information available for the study
area and presents preliminary indications of what types of undiscovered deposits might be present
and the geologic environments permissive for such deposits.

Production and Occurrence Data

Metals

All of the major copper-producing mines in the study area are porphyry copper-molybdenum
deposits (Sierrita, San Manuel, Lakeshore, San Xavier, Silver Bell) or skarns related to porphyry
copper systems (Twin Buttes, Esperanza, Mission, Johnson Camp). Molybdenum, Pb, Ag, Au,
and Re are coproducts or byproducts of Cu production. The study area contains 9 of the top 16
copper-producing mines in the state; their rank, in order of copper production in 1985, is shown in
table 11. In 1985, the Sierrita mine led the state in molybdenum production and was the sole
domestic producer of Re, an element used to produce low-lead and lead-free high-octane gasoline.
U.S. consumption of Re is increasing (Burgin, 1987).

Figure 22 shows the location of the metal-mining districts in the study area. Table 12 gives the
principal deposit types found in each district and the cumulative reported production as of 1981.
The deposit types refer to those described in Cox and Singer (1986) (see also table 14). Porphyry
copper deposits have been the largest producers in the area. As of 1981, the Pima mining district
produced more Cu, Mo, and Ag than any other in the study area; the San Manuel district had the
greatest cumulative Au production; and the Mammoth district produced the most Pb and significant
V (about 1,270 short tons). The Tombstone district produced 6,890 short tons of Mn from
manganese replacement deposits. About 7 metric tons of W were produced in the Reef district,
probably mainly from tungsten veins.

The USGS Mineral Resource Data System (MRDS) was used extensively for this compilation.
MRDS contains brief descriptions of 1,271 mines, prospects, and occurrences in the study area;
however, most nonmetallic commodities are not included. Table 13 lists those mines having
medium and large production, as defined in MRDS (Keefer and Calkins 1978, p. B14), along with
the cumulative production and known reserves at each mine. Plate 21 shows the deposit types of
the mines listed in table 13 as well as some mines with small known production. The appendix
lists the metal mines and occurrences in MRDS and gives location, commaodity, cumulative
production, and deposit type where determined.

The Arizona Department of Mines and Mineral Resources (ADMMR) in Phoenix has developed
the Arizona Mineral Inventory Location System (MILS) that includes data on both metallic and
nonmetallic resources, incorporating information from MRDS and the U.S. Bureau of Mines' Map
Overlay System (MOS). Entries in MILS are based on property ownership. Because of limited
time and high cost, MILS records were not used for the report.
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Nonmetals

Nonmetallic minerals accounted for about 17 percent of the dollar value of all mineral
production in Arizona for 1985. In that year, production in the Tucson and Nogales quadrangles
included clays, gypsum, lime, sand and gravel, and crushed stone. The following list of deposits
was taken from Burgin (1987).

Clays--Common clay for brick and tile was quarried by two companies at the Pantano Pit in
Pima County. Phoenix Brick Yard and Arizona Portland Cement Co. ranked second and fourth in
the state, respectively, among common clay producers.

m nhydrite--Gypsum for use in agriculture and construction has been mined since
the mid-1950's (Philips, 1987). National Gypsum Co. quarried gypsum at Feldman, in Pinal
County near the northeast boundary of the Tucson quadrangle. Pinal Mammoth Gypsum Co.
quarried gypsum at the Thunderbird Mine, 6 mi north of Mammoth. The Picacho Basin, west of
the Picacho Mountains, contains 2,000 m of anhydrite (Sumner, 1985) and corresponds to a
negative complete Bouger gravity anomaly (pl. 18).

Lime--Magma Copper Co. produced lime for the copper industry at San Manuel, ranking third
in Arizona for lime production.

Sand and Gravel--Little Hills Mines, Inc., quarried sand and gravel, sold as metallurgical flux,
from a location between Casa Grande and Lakeshore in Pinal County.

Crushed Stone--Arizona Portland Cement Co. quarried limestone from the Mississippian
Escabrosa Limestone in Pima County. Potential for additional resources in the Escabrosa
Limestone is good. Marble for crushed stone was quarried by Endrada Co. near Twin Buttes.
Magma Copper Co. produced crushed sandstone for smelter flux in southeastern Pinal County.

Nonmetallic commodities that have been produced in the area in the past but not in 1985
include diatomite, feldspar, fluorite, scrap mica, and perlite, as well as quartz and quartzite for
smelter flux. The following descriptions are taken from Philips (1987).

The White Cliffs Mine in Pinal County has been an important producer of diatomite that was
used for filter aids, fillers, and cement additives. The diatomite is associated with gypsum.

The B M Group and the Darlene A Group in Pinal County are the only known occurrences of
feldspar, which is used to manufacture ceramic and glass. The feldspar is in a pegmatite in the
Oracle Granite. Potentially productive deposits may occur in other pegamtites associated with
Proterozoic granites.

Metallurgical grade fluorite in epithermal veins and breccia zones is found in Cochise, Graham,
and Pima Counties.

Scrap mica, produced at the Tucson Mica Property, Pinal County, and at several mines in
Cochise County, occurs as hydrothermal sericite in faulted volcanic rocks.

A vermiculite deposit is known in the Oracle 15-minute quadrangle in Pinal County. The
vermiculite exfoliation industry in Arizona currently depends on sources outside the state but may
provide a market for this and other possible deposits in the study area.

"Popped" perlite is used in the construction industry for its light weight and insulating
properties. Potential “popped” perlite occurs in the Silver Reef Mountains and in rhyolite
vitrophyre in the Cerro Colorado Mountains. The potential is good for the presence of more perlite
deposits.

Fuels and Energy Resources

No oil, natural gas, or coal have been produced in the Tucson and Nogales quadrangles.
Beikman and others (1986) rated the probability for future discovery of oil and (or) gas as low to
high. Most of the study area falls in the low to lower medium category; however, the basin
northeast of the Tombstone Hills (fig. 2) was assessed as having a high potential for fuel
discoveries. Surrounding this area, the valleys east of the Whetstone Mountains and the Huachuca
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Mountains were assessed as having higher medium potential. Beikman and others (1986) also
assessed Aravaipa Canyon as a higher medium potential area for fuel resources.

In the study area no geothermal areas were identified (Brook and others, 1979) with
hydrothermal convection systems having reservoir temperatures greater than 90°C. However, at
least 41 wells and springs have been identified as potential sources of geothermal fluids (Bliss,

1983). In an assessment of low-temperature (less than 90°C) geothermal resources in the western
United States (Mariner and others, 1983), 10 geothermal systems were identified in the study area.
Two kinds of low-temperature geothermal systems were identified, those which are isolated and
those which are not. Nine of the systems in the study area are of the isolated type--springs and
(or) wclls that are found in areas less than 4 km? and reservoir volumes that are, by default, set at
1 km3 (Mariner and others, 1983). Reed and others (1983) give location, temperature, and a
summary of water chemistry for all systems used in the low-temperature assessment. In the study
area, the isolated systems, as described in their table, (Reed and others, 1983, table 1) include
springs west of Winchester, Hookers Hot Springs, agricultural and domestic well (Cochise
County); Mercur springs, well north of Jaynes, domestic well, well north of Iron Butte (Pima
County); and Agua Caliente Spring, Monkey Spring (Santa Cruz County). The nonisolated
system is in the Chandler area (Pinal County) and is represented by eight wells.

Mineral Resource Potential
Delineated Deposit Types

Table 14 lists the deposit types considered in this preliminary study. Areas permissive for
metallic resources were delineated for porphyry copper-molybdenum, skarn and replacement,
epithermal precious-metal polymetallic veins, and flat-fault gold (pls. 22-24). Table 15 lists the
criteria used to delineate tracts for each deposit type. Many of the rock types present in the area are
permissive for one or more of the deposit types (table 16). Expected grades and tonnages for
undiscovered deposits are given in table 17. These represent the 90th, 50th, and 10th percentiles
of grades and tonnages of deposits used to construct the deposit models. Specific tracts are
discussed below. Some deposit types were not delineated, generally because a short written
disucssion seemed adequate.

Porphyry Copper

Eighteen tracts (pl. 22) were delineated for porphyry copper deposits including:

Sierrita Mountains--Four of the major porphyry copper deposits in the study area are within
this tract. The core of the range, the Ruby Star Granodiorite, is known to be barren. The tract
boundary includes shallowly buried rocks on the pediment, as determined from gravity data. The
pediment areas have the best potential in the tract for the discovery of additional porphyry copper
deposits.

Santa Catalina Mountains--This range includes the San Manuel-Kalamazoo porphyry copper
system. Cox and Singer (1988) have recently defined and described porphyry copper-gold-
molybdenum-type deposits based in part on geochemical work at the Kalamazoo orebody
(Chaffee, 1982b). This deposit type is intermediate between porphyry copper-molybdenum (type
21a), such as in the Pima district, and porphyry copper-gold (type 20c), such as in the Dos Pobres
district in Graham County east of the study area, and represents a continuum between the two end
members. The median Au grade for porphyry copper-gold-molybdenum is 0.15 g/t as compared
to a median grade 0.012 Au g/t for porphyry copper-molybdenum; however, the median Mo
grades for the two types are very similar.

Patagonia Mountains and southern Santa Rita Mountains--This tract is delineated on the basis
of the Red Mountain deposit in the Patagonia Mountains, the Cu-bearing polymetallic vein deposits
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in the southern Santa Rita Mountains, and the geochemical anomalies. The tract outline follows the
Pb geochemical anomaly (pl. 11). It is separated from the Empire Mountains tract because of a
tectonic break defined by the acromagnetic data (pl. 20). Ludington (1984b) noted a northwest-
trending zone of argillic alteration within the igneous rocks in the southern Santa Rita Mountains.
ins--This tract was delineated on the basis of the porphyry copper
occurrence in the Mine Canyon district and a magnetic high associated with Cretaceous granitic
rock. Wrucke and McColly (1984) reported that the porphyry deposit in Mine Canyon contains
substantiated resources of 32 million ton of ore containing 0.28 percent Cu and 0.01 percent Mo.

Galiuro Mountains--The tract is delineated on the basis of the Childs-Aldwinkle porphyry
copper and related deposits of the Bunker Hill district in the northern part of the tract and a positive
aeromagnetic anomaly in the southern part, apparently associated with Cretaceous or Tertiary
granitic rocks (TKg). Creasey and others (1981) noted that past metal production, recent mining
activity and exploration, and widespread hydrothermal alteration and metallization indicate high
potential for one or more porphyry copper deposits in the northern part of the tract.

--This tract is based on geochemical data and the occurrence of copper
mineralization in Sonoro, Mexico (M.A. Chaffee, oral commun., 1988). Any porphyry copper
deposits in this tract would be relatively deep.

Dragoon Mountains--This tract is delineated on the basis of anomalous Cu, Mo, and Pb in
stream-sediment samples and the occurrence of Tertiary granite. Drewes and Kreidler (1984)
suggested that this area as has potential for stockwork molybdenum or tungsten rather than
porphyry copper. o

Picacho Mountains--This tract is based on the presence of a Tertiary granitic pluton in
conjunction with a positive gravity anomaly. The potential for porphyry copper deposits in this
tract is relatively low.

Geochemical data are lacking for many parts of the study area. Because positive acromagnetic
anomalies can indicate the subsurface extent of a mineralized skamn or replacement body, the
boundaries of tracts not specifically discussed above are delineated solely around positive
aeromagnetic anomalies.

Skarn and Replacement Deposits

Skarn and replacement deposits were delineated on the basis of known deposits, the occurrence
of favorable carbonate rock, and the presence of Mesozoic to Tertiary intrusions (except the
Tertiary peraluminous granite, which is not favorable). For this study, tungsten skam (type 14a),
copper skam (type 18b), zinc-lead skarn (type 18c), polymetallic replacement (type 19a), and
manganese replacement (type 19b) deposit types were delineated together as a group because the
tracts would be essentially the same for each deposit type. For example, polymetallic replacement,
copper skarn, and tungsten skarn deposits are all present in the Empire Mountains. These deposit
types are commonly associated with the same intrusions as porphyry copper deposits.

The available data do not clearly indicate the potential for gold skarns and carbonate-hosted
disseminated gold deposits. However, some occurrences in the northern Santa Catalina, the
northern Santa Rita, and the northern Huachuca Mountains, which are classified as copper or
tungsten skamn, contain significant gold mineralization and should be evaluated for gold skarn and
(or) replacement potential.

Fourteen tracts (pl. 22) were outlined for these predominantly carbonate-hosted deposits.
Based on the known deposits within some of the tracts, they are favorable for one or more of the
carbonate-hosted deposits. However, without additional knowledge, all tracts are permissive for
all of the deposit types. They are in the following areas:

Huachuca Mountains--This tract is favorable for tungsten skarn deposits. Some of the known
tungsten deposits in the tract are disseminated scheelite occurrences; others are quartz-scheelite
veins more closely resembling quartz-wolframite vein deposits (type 15a) (S.D. Ludington, oral
commun., 1988).
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Dragoon Mountains--This tract is favorable for silver-bearing base-metal and tungsten skarn
deposits associated with an Oligocene stock.

Galiuro Mountains--Known occurrences indicate that this tract is favorable for copper and
tungsten skarn and manganese replacement deposits.

Tombstone Hills--Polymetallic replacement and manganese replacement deposits are known in
this tract.

Santa Teresa Mountains--This tract is favorable for base-metal skamns and replacement
deposits.
ilver Reef in Mountains--These tracts are favorable for skarn and

polymetallic replacement deposits peripheral to the Lakeshore porphyry copper system.

Santa Catalina Mountains--These tracts are favorable for copper and tungsten skarns.

Tracts not discussed above represent areas of permissive rock types but for which supporting
data is lacking.

Epithermal Precious-Metal Deposits

Epithermal precious-metal deposits in the Tucson and Nogales quadrangles are likely to be
Comstock type (type 25¢) except in the tracts delineated in the Silver Reef Mountains, where
deposits may be Sado type (type 25d). Thirteen tracts (pl. 23) were delineated on the basis of
known occurrences, the presence of possibly favorable volcanic or hypabyssal intrusive rock, and
a geochemical suite of Au, As, Sb, Hg, Te, and Ag. Because of a lack of adequate stream-
sediment geochemical data for the Tucson quadrangle, tracts delineated for epithermal deposits in
that quadrangle are speculative. Tracts delineated for epithermal precious-metal deposits include:

Patagonia Mountains--This tract contains widespread anomalous areas for Hg, As, Sb, Te, and
Agas well as 1solated areas of anomalous Au in the southern part of the tract.

--This tract includes the Oro Blanco district, which has produced nearly
900,000 short tons of ore. Stream-sediment geochemical data show widespread anomalous Hg,
Sb, and Ag. Samples containing anomalous Au were collected from the southern and eastern parts
of the tract.

Galiuro and Winchester Mountains--This tract was delineated around the exposed Tertiary
intermediate to felsic volcanic rocks and small epithermal gold-vein deposits. In the Rattlesnake
district, gold and pyrite occur in small mineralized pockets along faults and fractures in altered
volcanic rocks.

Baboquivari Mountains--Stream-sediment geochemical data outline several areas of Au
anomalies along the east flank of the mountains, and an area of anomalous Sb extending about 3 mi
south-southeast of Mildred Peak.

Polymetallic Veins

Polymetallic vein deposits (type 22c) are delineated on the basis of known deposits, the
occurrence of Mesozoic to Tertiary intrusions, and a geochemical suite of Ag, Cu, Zn, and Pb.
The intrusions favorable for porphyry copper mineralization are also favorable for polymetallic
veins, which are commonly peripheral to porphyry copper systems. Ten tracts have been
delineated for polymetallic vein deposits (p1. 24). Three are discussed below.

Huachuca Mountains--The known Cu-Ag-Au polymetallic deposits are concentrated along the
axis of an anticline. In the southern part of the tract the deposits surround the Huachuca Quartz
Monzonite. The deposits are mostly restricted to exotic blocks of limestone (megabreccia?) in
Triassic and Jurassic volcanic rocks and, thus, are strictly replacement deposits, but some
mineralized fissures have also been noted. Production from known deposits has been small and,
because of the observed lithologic control, undiscovered deposits are also likely to be small
(Ludington, 1984a). In the northern part of the tract, the fissure veins appear related to the
granodiorite pluton and associated sills exposed along an anticlinal axis.
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mmm&m_mumajﬂs--mis tract was delineated on the basis of known occurrences
and the geochemical signature. The extent of the Cu stream-sediment anomaly defines the tract
boundary. Silver anomalies are also present, although they are less widespread.

Silver Bell Mountains--This tract contains polymetallic veins in faults associated with a
Cretaceous collapse caldera at the north end of the range. Geochemical data for the area suggest
that gold and silver could also be important components of these veins (Nowlan and others, 1989).
The veins are probably Tertiary, younger than the porphyry copper mineralization at Silver Bell.

Flat-Fault Gold Deposits

Nine tracts (p1. 24) were delineated for flat-fault gold deposits (type 37b). They include:

Rx_tmg_MQ_u_mms--The mineralization of the Rincon district on the southwest flank of the
Rincon Mountains is spatially associated with a detachment fault (Welty and others, 1985b). The
Aqua Verde Mine is described in MRDS as a copper-silver mine of small production, where the
mineralization occurs fissures and fault zones in a "thrust", and may represent a flat-fault deposit of
the type described by Bouley (1986). Also, the Heavy Boy barite deposit is southeast of Aqua
Verde Mine; barite is commonly associated with these deposits. However, the mineralization in the
Rincon district has been described as weak and spotty (Keith, 1974). Other areas in the Rincon
Mountains where the upper plate of detachment faults contain abundant high-angle faults were
delineated as permissive for such deposits. Because of a lack of samples and (or) sensitive Au
analyses in the Tucson quadrangle, geochemical data for Au are unavailable.

Santa Teresa Mountains--A single sample from the eastern Santa Teresa Mountains with
anomalous Cu may be associated with flat-fault mineralization. A highly speculative tract was
delineated in the western Santa Teresa Mountains on the basis of the occurrence of the Copper Bar
Prospect, which produced small amounts of Cu, Ag, and Au from brecciated rhyolite and schist
cemented by specularite. Specularite is an abundant gangue mineral in flat-fault gold deposits in
the Prescott 10 by 20 quadrangle (D.L. Mosier, oral commun., 1988). Although no detachment
fault has been recognized in this area, the Tertiary volcanic rocks there may correlate with the
Tertiary volcanic rocks that are present in the upper plate of detachment faults in the range.

Perhaps an existing detachment fault has not yet been recognized in the area. Alternatively, the
mineralization may be in the lower plate in an area where the upper plate of the detachment fault has
been completely eroded.

Picacho Peak--Potassium metasomatism along the detachment fault is related toa 17 to 18 Ma
regional thermal event (Brooks, 1985). Potassium metasomatism along a detachment fault
indicates that the fault is a likely pathway for mineralizing hydrothermal fluids.

Deposit Types Not Delineated
Tungsten Deposits

Tungsten is present in the study area as both scheelite skarns and as quartz-tungsten vein
deposits (type 15a). The veins commonly contain scheelite rather than wolframite but resemble
wolframite veins in that they are present as discrete quartz veins associated with Tertiary granites.

The proposed Miller Peak Wildemess in the Huachuca Mountains is favorable for
undiscovered disseminated tungsten deposits in granitic rocks especially beneath the cluster of
tungsten veins near the rhyolite porphyry intrusive center at Sutherland Peak on the southwest side
of the Huachuca Mountains (S.D. Ludington, oral commun., 1988) (unit Jv, pl. 1). This area may
also contain tungsten vein deposits (Ludington, 1984a), although this deposit type is unlikely to be
major source of tungsten.

Small wolframite-scheelite placers are present in the San Luis Mountains and at least one
tungsten vein deposit is present near an intrusive contact of the peraluminous granite. Appreciable
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wolframite-quartz vein mineralization or a disseminated tungsten deposit may be associated with
that granite. Alternatively, the tungsten mineralization may be associated with a buried granite.

Placer Gold

Placer gold deposits in the Tucson and Nogales quadrangles yielded small amounts of gold.
The largest placers are the Arivaca Creek placers, which produced 4,400 oz Au between 1750 and
1974, and the Ash Creek placers (Papago District, western Sierrita Mountains), which produced
4,000 oz Au between 1880 and 1945 (Keith, 1974). Placer gold probably does not represent a
major resource of gold in the area as compared to that recovered from porphyry copper deposits.

Rare-Earth Pegmatites

The Dollar Bill Claims on the east side of the Rincon Mountains are located on a U-Nb-Ta-
bearing pegmatite in Middle Proterozoic quartz monzonite (Yg). Placer samarskite is found in
natural troughs in stream bed for 2-3 mi downstream from the pegmatites. There was no known
production. The placer deposits are not thick.

REE-Nb-Ta-bearing pegmatites in the middle Proterozoic granite of the Santa Teresa
Mountains occur at the Lucky Strike Claim (U.S. Geological Survey and others, 1969; not listed in
MRDS).

Uranium Veins and Vanadium Veins

Uranium-bearing veins with less than 1,000 tons of "ore" are present in the Duranium district
(near Tyndall, Santa Cruz County), at the Santa Clara and White Oak Mines (both in the Pajarito
Mountains west of Nogales), and in the Black Dike Claims in Pima County (these mines are not
listed in MRDS). The Black Dike Claims are described as pitchblende in gneissic Mesozoic granite
(unit Jg, pl. 1) on the west side of the Sierrita Mountains (Butler and Byers, 1969). This deposit
type is not likely to be economically important in the study area.

Vanadate veins can occur in the oxidized zones of polymetallic vein deposits (Fischer, 1969).
The Mammoth-St. Anthony deposit, Mammoth District, Pinal County, yielded 2.5 million Ib of
V205 in concentrate during 1934-1944. However, this type of deposit is unlikely to yield
significant supplies of vanadium (U.S. Geological Survey and others, 1969).

Titaniferous Magnetite in Alluvium

The pediment gravels north of the Tortolita Mountains (fig. 2) contain titaniferous
magnetite-bearing alluvium to depths greater than 250 ft in an area of about 800 mi2. The
titaniferous magnetite ranges from about 1 percent to 15 percent of the alluvium, forms
stratified thin layers, and is disseminated in silty sand and gravel. The Omega Claim
probably contains more than 100 million short tons of ore and may contain as much as 500
million tons; however, this deposit is probably not economic for titanium (U.S. Geological
Survey and others, 1969). These alluvial deposits could have been derived from any of the
granitic rocks of the area except the peraluminous granite.
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Table 12.--Mining districts in the Tucson and Nogales 1° by 2° degree quadrangles.

[, No data; nr, no reponied production. Production figures from Keith and others (1983b)]

Production?
Ore Cu Pb Zn Mo Au Mn w V205
(thous. (thous. (thous. (thous. (thous. (thous. (thous. (thous.  (thous.short  (thous. (thous.
District Deposit type(s)! Years ons) 1bs) 1b) 1b) 1b) ax) oz) 1bs) ton units) (bs) 1b)
Tucson Qnadrangle
Amole 18b, 25¢c, 25g 1901-62 10 286 472 10 34 0.6 1 - - - -
Anklope 22c or 37b? 1908-22 1 199 - - - <01 0.5 - - - -
Anavaipa 22c, CaF vein, 18¢, 1901-71? 282 1,906 34,492 27,863 - 44 363 - - - -
19a, 37b?, 25¢?
Black Beauty 1542 4 - - - - - - - - - - -
Black Hawk Dot determined - 0.265 - - - - - - 023 - - -
Black Mm. 2 - - - - - - - - - - - -
Blue Rock Dot determined 1956 .051 - - - - - - - - 8s -
Blue Bird 15 1949 <0.01 0.1 - - - - <0.1 - - - -
Bunker Hill 22, 212 1905-75 483 27,300 5,770 - 4,150 1 190 - - - -
Bumey 192, 22¢ 1931-67 4.5 81 85 80 - <0.1 [ - - - -
CanadaDelOro  small Cu veins nr - - - - - - - - - - -
Cardinal Avenue  not determined or - - - - - - - - - - -
Cass Grande: 21a, 22c, 193, 25¢? 1929-81 28,988 302,540 - - - 254 1.081 - - - -
Quark 25cord 1906-56 0.1 7 17 - - <01 1 - - - -
Cochise 18b, 15a, 14a, 192 1882-1981 12,806 145,789 1316 93,799 - 33 720 - - - -
Coamobabi 25cord 1907-51 <0.1 1.5 - - - - 1.8 - - - -
Cottonwood 21a 1922-62 0.7 16 9 - - 0.2 5 - - - -
Crescent 196 1915-54 4.0 (est) 2 - - - <0.01 0.1 1,253 - - -
Durham-Suizo 25g 1948-62 6 188 - - - <01 1.6 - - - -
Prarcisco Grande 212 nr - - - - ol - - - - - -
Gold Circle 15 - 0.005 - - - - - - - 0.002 - -
Grand Prize 2x 1931-54 04 1 - - - 0.2 0.3 - - - -
Lakeshore 21a 1907-81 7329 116,341 2 - - 1 7 - - - -
Liule Hills 21a? 1929-1981 827 5,673 53 - - 0.3 15 - - - -
Magonigal 18 1955-59 0.374 16 - - - - - 414 - - -
Mammon 22c (Au-Cu) 1893-1938 1.4 1.6 - - - 2 02 - - - -
Mammoth 19a, 18c, 18b, 22¢ 1886-1954 5,310.094 10,445 132,680 87,312 3943 349 1,660 41.6 - - 2,540.8
Marble Peak 19a, 2122 1905-68 137 6,337 81 37 - 03 103 - - - -
North Star 21a? 1923-70 4 105 - - - Q.02 1 - - - -
Onacle 14, 152, goldskarn?  1901-64 2 16 125 - - a8 33 - >21.02 - -
Owl] Head 2x 1879-1974 1.6 41 - - - <0.1 8 - - - -
Picacho 37b? 1939 0.1 24 - - - <Q.1 a1 - - - -
Ranlesnake 25cor 192340 0.3 - - - - 0.1 14 - - - -
Redington 18b, V vein, U vein 1913-42 0.1 12 - Rad - - 0.15 - - - -
Rincon 3™ 1901-52 0.2 13 1 - - 0.1 0.3 - - - -
Ripsey 2x 192662 10 120 3 - - 2 189 - - - -
Roadside 21a 1917 0.097 - - - - Q.01 0.02 317 - - -
Roskruge 22, 21a? 1937-56 0.3 10 - - - - 3 - - - -
Saddle M. 2x 190268 117 4,604 66 25 - 1 176 - - - -
Saginaw Hill 18a 191849 6.8 144 97 217 - 0.2 9.4 - - - -
San Manuel 21a 195681 383,824 4,478,655 - - 72,528 486 9,261 - - - -
Santa Rosa 22c (gash veins) 191640 0.2 21 6 - - <01 1.3 - - - -
Sawtooth Mn vein - 0121 - - - - - - 65.2 - - -
Sedimentary Hills 21a 1941 <0.01 0.1 - - - - <0.1 - - - -
Silver Bell 21a, 18 1885-1981 90,351 1,277,233 3439 40,780 6,570 22 5843 - - - -
Silver Reef 25d 1914-65 45.376 61 - - - 0.25 473 202.5 - - -
Slae 2X, 19 1900-81 185 10 61 - - 0.6 87 - - - -
e 196 nr - - - - - - - - - - -
Table M. 19%, 26a? 1875-1974 100 16,000 - - - 19 <0.1 - - - -
Tortolita Dot determined nr - - - - - - - - - - -
Warrman 2x - 30 1,820 1,131 821 - o1 ” - - - -
Wincheser gold skarn? or 2642 194149 <0.01 0.5 0.4 - - - <0.1 - - - -
Yellowstone 186 1906-30 0.1 0.7 6 - - 0.1 0.2 - - - -~
ZigZag Mn veins in granite - 0.299 - - - - - - 66.3 - - -
Nogales Quadrangte
Aguirre Peak Dot dewermined 1957-63 <01 0.6 - - - <0.01 <0.1 - 0.2 - -
Amado 2 1921-63 1.8 8 95 13 - 0.9 10 - - - -
Arivaca 2x w 1967 23 26 667 - - 0.6 44.7 - - - -
Baboquivari 2x 1895-1972 59 17 1 - - 11.3 136 - - - 0.052
Black Dragon 25g - 0.206 - - - - - - 117 - - -
Blue Bird Mn pods in - 0.026 - - - - - - 2 - - -
Mz volcanic rocks
Beaciford 21a 1912 0.03 55 5 - - - 1 - - - -
Cabebi 15a, 22c, 3627 1864-1974 7 172.5 319 2 - 3 724 - - - -
Cave Creek 19 193363 1.5 26 [+¥] - - 6 6.3 - - - -
Cerro Colonado 2% 1858-1956 4.6 21 38 - - 0.1 313 - - - -
Cerro De Freanal 2% 193342 0.1 0.2 - - - 0.04 1 - - - -
Coyote 18a 1916-64 1 140 - - - <0.1 1.5 - - - -
Cuprite 21a 1900-57 25 241 100 - - <01 4.3 - - - -
Dursnium U veins 1956-57 0.677 - - - - - - - - 2,700 -
Emter 1% 154142 <0.01 - - - - <0.01 <0.01 - 0.016 - -
Empire 19a, 18b, 142 1880-1928 17 164 6,673 152 16 0.8 667 - 0.012 - -
Greaterville 2 1912-60 2 7 652 1.1 - 03 16.8 - - - -
Harshaw 22,212 1858-1965 841 3,159 81,817 104,301 - 1.8 2,602 10,057 - - -
Hartford 25¢, 19a, 152 1897-1963 8.016 180 1,193 746 - 0.4 [ 2.5 - - -
Helvetia-Rosemont 21a, 18b 1877-1969 443 37,371 378 1,146 26 13 369 - - - -
Tvanhoe 19 1903-49 0.938 3 157 - - 0.6 23 19 - - -
Jackson 2ANa? 191540 0.2 Ly - - - - 1 - - - -
Keystone 2x 1921-60 0.2 0.6 5 04 Q15 0.6 - - - - -
Kint Peak Dot determined nr - - - - - - - - - - -
Las Guijas W placer 193041 1.8 6 - - - <0.1 0.4 - - - -
Mansfield 2x 1906-58 1.6 62 429 - - 04 20 - - - -
Middle Pass 18c, 15 1898-1979 97 2,503 391 8,390 13 0.5 130 - 0.001S (est) - -
Mildred Peak 2Xx 1911-56 53 ’m 11 - - 1 336 - - - -
Mine Canyon 21a 1915-59 26 7% - - - <01 1.6 - - - -
Nogales 15s, 22c, 3% 1911-67 1 18 - - - 0.4 6 - 0.038 - -
Oceanic: 2 1901-35 1.5 0.03 a3 - - 0.6 0.4 - - - -
Old Bady 2la or 21b2, 392 or - - - - - - - - - - -
Oro Blanco 2, 1%, 25¢ 1903-76 927 3,851 56,946 47,157 - 43.5 4,340 47 - 45 -
Pajario 2 191069 1418 4 139 0.3 - 0.1 21 - - 108 0.014
Palmetto 2122, 27 1908-79 700 13,268 67,533 37,334 - 194 4,908 - - - -
Papago 22, CaF vein, 192 1887-1969 4.6 38 699 - - 0.1 110.6 - - - -
Parker Caxyon 2x 1933 <0.1 0.2 Qs - - <01 0.1 - - - -
Patagonia 18s, 18b, 18c, 192, 22c  1903-62 6 759 378 1 - 0.7 45 - - - -
Pims 21a, 182, 22¢ 1880-1981 978,893 8,359,754 75,795 132964 290,796 26.1 56,336 230 - - -
Quescos T2y mizss =~ ~ 1§ 2,604 T - - - 04 13 - - - -~
Quintan Dot determined 1913-59 - - 1 - - - <0.1 - >2.21 - -
Red Rock x 1883-1969 [+§] 20 22 3 - <0.01 3 - - - -
Reef 152, 142 - 21 - - - - - - - 12.35 - -
Salero 2x 1880-1971 19 519 4,462 155 - 5 1 - - - -
San Cayeuno 2X (Cu-Ag), 25¢ nr - - - - - - - - - - -
Tombstone 19a, 18¢, 19b 1879-1981 2,974.7 7,765 48,122 652 - 131.6 32,083 13.773 - - -
Tyndall 18b, 18¢, 19a, 22¢ 1908-76 41.14 161 14,754 6,805 - 2 238 1.2 - - -
Washington Camp 19, 18c 1875-70 573 33,137 38,406 74,643 - 9 2,994 - - - -
Whetstone 152, CaF vein, U vein  1955-57 0.162(cst) 0.5 - - - - <0.01 <1 - 215 -
Wrighson 2 1913-68 0.6 S5 49 30 - <0.1 3.6 - - - -
Yellow Jacket 25 - 0.7 4 0.2 95 - <0.1 1 - - - -
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Table 11.--Rank in 1985 by copper production in Arizona of the main copper producers

in the study area. Data from Burgin (1987).

1985 Cu

Production
Rank  Mine County By/Coproducts Company (metric tons)
2 Sierrita Pima Mo, Au, Ag,Re  Duval Corp. 98,078
3 San Manuel Pinal Mo, Au, Ag Magma Copper Co. 87,132
9 Twin Buttes Pima Anamax Mining Co. 8,992
10 Lakeshore Pinal Noranda Lakeshore 6,148

Mines, Inc.

11 San Xavier Pima Au, Ag, Pb ASARCO, Inc. 5,525
12 Esperanza Pima Duval Corp. 4,657
13 Silver Bell Pima ASARCO, Inc. 4,036
15 Mission Pima Au, Ag, Pb ASARCO, Inc. 3,154
16 Johnson Cochise Cyprus Johnson 2,812
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Table 14. List of deposit types considered in Tucson and Nogales 1° by 2° preliminary assessment. The
known occurrence of a deposit type in the study area is indicated by Y. An N indicates that the presence
of a deposit type is not known. Some deposit types have been grouped for tract delineation.

[Level of assessment: 1, permissive environment delineated, grade-tonnage models exist, expected
number of undiscovered deposits could be estimated; 2, permissive environment delineated, no grade-
tonnage models exist, expected number of undiscovered deposits could be estimated and grade-tonnage
models made; 3, probable permissive environment, grade-tonnage models exist, tracts could be outlined;
4, probable permissive environment, no grade-tonnage models exist, tracts could be outlined and grade-
tonnage models made. Model numbers from Cox and Singer (1986); gold skarn model from Orris and

others (1987).]
Model Deposit type Level of Number
number Deposit Type present assessment of tracts

Porphyry Copper Deposits 1 18
2la Porphyry copper-molybdenum
18a Porphyry copper, skarn related

Skamns and replacements 1 14
14a Tungsten skarn
18b Copper skarn
18c Zinc-lead skam
19a Polymetallic replacement
19b Manganese replacement

Gold skarn

Epithermal Deposits 1 13
25¢ Comstock epithermal veins
25d Sado epithermal veins
25g Epithermal manganese
22c Polymetallic veins 10
37b Flat-fault gold 9
15a Tungsten vein --
21b Porphyry molybdenum, low-F --
26a Carbonate-hosted gold-silver --
39a Placer gold-PGE --

Pegmatite REE, tantalum, niobium
Uranium vein
Vanadium vein
Placer tungsten
Fluorite veins
Barite veins
Alluvial titanium-bearing magnetite
Common clay
Perlite
Gypsum
Feldspar
Crushed stone -
Limestone
Marble
Sandstone
Diatomite
Sand and gravel
Coal
Petroleum

ZZCEELEEL LKL g g Z i K
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Table 15. Criteria used to delineate tracts permissive for deposits in the Tucson and Nogales
1° by 2° quadrangles.

Deposit type Criteria for tract delineation
Porphyry copper- Laramide-age intrusions
molybdenum Positive magnetic anomaly
Positive gravity anomaly
Indication of shallow pediment
Geochemical anomalies for Mo, Cu, Pb
Skarn and replacement Laramide-age intrusions
Carbonate rocks
Comstock or Sado Tertiary subaerial volcanic rocks
epithermal vein Geochemical anomalies for Ag, Au, Te, Hg
Polymetallic vein Mesozoic to Tertiary intrusions
Geochemical anomalies for Ag, Cu, Zn, Pb
Flat-fault gold Upper-plate rocks with high-angle faults above
detachment fault
Presence of specularite
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Table 17.--Probability levels of tonnages and grades for undiscovered deposits, based on worldwide data (based on Cox and Singer, 1986
except gold skarn from Orris and others, 1987).

{Grade and tonnage are independent parameters. For example, an undiscovered porphyry Cu-Mo deposit has a 90 percent chance of
containing at least 120 million metric tons ore. Similarly, an undiscovered deposit has a 90 percent chance of averaging at least 0.26 percent
Cu. However, the probability that an undiscovered deposit contains 120 million metric tons of ore averaging 0.26 percent Cu is Jess than 90
percent]

Probability Tonnage
Deposit types level (Thousand metric tons) Grade
Porphyry 0.9 120 0.26% Cu, 0.0072% Mo, 0.36 gh Ag
copper- 0.5 500 0.42% Cu, 0.012% Mo, 1.2 gh Ag
molybdenum 0.1 2,100 0.69% Cu, 0.043% Mo, 4.2 gk Ag
Porphyry copper 0.9 20 ’ 0.51% Cu,
skarn related 0.5 80 0.98% Cu, 1 gk Ag
0.1 320 1.9% Cu, 0.022% Mo, 0.83 gt Au, 12 gh Ag
Porphyry 0.9 16,000 0.055% Mo
molybdenum, 0.5 94,000 0.085% Mo
low F 0.1 560,000 0.13% Mo
Zinc-lead skam 0.9 160 2.7% Zn, 0.87% Pb
0.5 1,400 5.9% Zn, 2.8% Pb, 0.09% Cu, 58 gh Ag
0.1 12,000 13% Zn, 7.6% Pb, 1.3% Cu, 290 gk Ag, 0.46 gh Au
Tungsten skarn 0.9 50 0.34% WO3
0.5 1,100 0.67% WO3
0.1 22,000 1.4% W03
Copper skarn 0.9 34 0.7% Cu
0.5 560 1.7% Cu
0.1 9,200 4.0% Cu, 2.8 gh Au, 36 gh Ag
Gold skarn 0.9 20 1.5gh Au
0.5 400 50gn Au
0.1 10,000 20gA Au
Polymetallic 0.9 240 1.2% Pb, 0.82% Zn
replacement 0.5 1,800 5.2% Pb, 3.9% Zn, 0.094% Cu, 150 gh Ag, 0.19 gk Au
0.1 14,000 21% Pb, 19% Zn, 0.87% Cu, 690 gh Ag, 4.4 gt Au
Replacement 0.9 0.940 16% Mn
manganesc 0.5 22 36% Mn
0.1 530 46% Mn, 0.53% Cu
Carbonate-hosted 0.9 1,100 0.69 gh Au
gold-silver 0.5 5,100 25gh Au
0.1 24,000 76 gh Au, 15 gh Ag
Epithermal veins, 0.9 65 2gh Au, 10gh Ag
Comstock 0.5 770 ghAu, 110gh Ag
0.1 9,100 27 gh Au, 1,300 gk Ag, 0.071% Cu, 0.11% Pb, 0.025% Zn
Epithermal veins, 0.9 29 1.3 gh Ay, 53 yt Ag
Sado 0.5 300 6 gh Au, 38
0.1 3,000 21 gt Au, 270 g/tAu, 1.9% Cu
Epithermal 0.9 24 20% Mn
manganesc 0.5 25 30% Mn
0.1 260 42% Mn
Polymetallic vein 0.9 0.29 140 gh Ag, 2.4% Pb
0.5 7.6 820 gh Ag, 0.13 gt Au, 9% Pb, 2.1% Zn
0.1 200 4,700 gh Ag, 11 gA Au, 33% Pb, 7.6% Zn, 0.89% Cu
Tungsten vein 0.9 45 0.6% WO3
0.5 560 0.91% WO3
0.1 7,000 1.4% WO3
Placer gold-PGE 0.9 22 0.084 gh Au
0.5 1,100 0.2 gh Au
0.1 50,000 0.48 gh Au
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